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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. 
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• 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. 

 
 
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 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. 
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9 Calculators 
 

A GDC is required for this paper, but if you see work that suggests a candidate has used any 
calculator not approved for IB DP examinations (eg CAS enabled devices), 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) EITHER  

  210 210π 7π 3.66519...
180 6

 = = = 
 

 radians  (A1) 

  attempt to use radian formula for area of sector  (M1) 

  area ( )21 7π19.5
2 6

 =  
 

  

  OR 
  attempt to use degree formula for area of sector   (M1) 

  area ( )2210 π 19.5
360

=   (A1) 

  THEN  

  area 
3549π 696.844...

16
= =  

  3549π697
16

 = = 
 

 (cm2) A1 

    [3 marks] 
 
 
 (b) EITHER 

  arc length 7π19.5
6

 =  
 

 OR ( )( )210 91π2π 19.5 71.4712...
360 4

 = = = 
 

  (A1) 

  attempt to set 2πr  equal to arc length  (M1) 

  2π 71.4712...r =  

 
  OR 
  attempt to set πrl  equal to their area from (a)  (M1) 

  19.5π 696.844...r =   (A1) 

 
  THEN 

  9111.4 11.375
8

r  = = = 
 

(cm)  A1 

    [3 marks] 
     Total[6 marks] 
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2. (a) period is ( )π 1.57079... 1.57
2

= =  A1 

    [1 mark] 
 

 (b) attempt to substitute 
π , ( ) 5

12
x f x= =  and 

π , ( ) 7
3

x f x= =  to obtain two equations (M1) 

Note: accept work where x  values have been converted into degrees 

  πtan 5
6

a b  + = 
 

 and 2πtan 7
3

a b  + = 
 

5 and 3 7
3

a b a b ⇒ + = − + = 
 

  

  ( )3 0.866025... 0.866
2

a = − = − = −  A1 

  ( )11 5.5
2

b = =  A1 

Note: These A1 marks may be awarded independently. 

    [3 marks] 
     Total [4 marks] 
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3. METHOD 1 
 attempt to find change in population using a definite integral  (M1) 

 4t =  at the start of 2026 (seen anywhere)   (A1) 

 
4 0.0145

0
104000e dt t−−∫   (A1) 

 404165.8...= −   (A1) 

 attempt to add initial population to their change in population from a definite integral  (M1) 

 population at the start of 2026 66.78 10 404165.8...= × −  

 6375834.1...=  

 ( )66380000 6.38 10= = ×   A1 

 
 METHOD 2 
 attempt to find population using an indefinite integral  (M1) 

 0.0145104000e dtP t−= −∫  

 ( )
0.0145

0.0145104000e 7172413.7...e
0.0145

t
tc c

−
−−

+ = +
−

  (A1) 

 attempt to substitute 60, 6.78 10t P= = × into equation with c.  (M1) 

 66.78 10 7172413.7... 392413.7...c c× = + ⇒ = −  

 0.01457172413.7...e 392413.7...tP −= −   (A1) 

 4t =  at the start of 2026 (seen anywhere)  (A1) 

 population at the start of 2026 0.0145(4)7172413.7...e 392413.7...− −  

 6375834.1...=  

 ( )66380000 6.38 10= = ×   A1 

     Total [6 marks] 
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4. (a) attempt to substitute 19.8F =  into the regression line for A  on F   (M1) 

  ( )2.89 19.8 99.3A = +  

  156.522=  (cm) 

  arm span = 157 (cm) A1 

Note:  Award M0A0 for choosing the wrong regression line to get 156.417...A = so 
156A = . 

    [2 marks] 
 
 (b)  recognition that the lines intersect at the mean point (may be seen on a sketch)  (M1) 

  32.62.89 99.3
0.335

FF +
+ =  OR 99.30.335 32.6

2.89
AA −

− =  

  159.686...  or  20.8948...  

 the mean arm span 160=  (cm) , the mean foot length 20.9=  (cm) A1A1 

    [3 marks] 
 
 (c) METHOD 1 
  recognition of symmetry of interval around mean (may be seen on a sketch) (M1) 
  ( 153) 0.06P H < =  OR ( 173) 0.94P H < =  OR equivalent 

  
153 163 1.55477...

σ
−

= −  OR 
173 163 1.55477...

σ
−

=   (A1) 

  6.43181...σ =  

  6.43σ = (cm) A1 
 
  METHOD 2 

attempt to find σ  by equating an appropriate correct normal CDF function to 0.88 (or e.g. 
0.06 or 0.94)   (M1) 

  6.43181...σ =  

  6.43σ = (cm) A2 

Note:  Accept use of calculator notation eg (153,173,163, ) 0.88normcdf σ =  

    [3 marks] 
     Total [8 marks] 
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5. (a) recognition of the need to differentiate         (M1) 

  
π π 15π π 3π π'( ) 15sin sin sin
50 50 50 50 10 50

x x xh x        = − = − = −              
  A1A1 

  
15π π 3π π'( ) sin sin
50 50 10 50

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

Note:  Award A1 for π15sin
50

k −  
 

 and A1 for factor of 
π
50

. 

  Award A1A0 for a correct expression with additional terms or additional 
factors.   

    [3 marks] 

 (b) recognition that gradient of tangent = πtan
8

 −  
 

 OR 7πtan
8

 
 
 

  (M1) 

Note: Accept πtan
8

 
 
 

 OR 7πtan
8

 −  
 

 for the (M1) 

  setting their '( )h k  equal to πtan
8

 −  
 

 OR ( )7πtan 0.414213...
8

  = − 
 

  (A1) 

  15π π πsin tan
50 50 8

k   − = −   
   

 OR 15π π 7πsin tan
50 50 8

k   − =   
   

 

  7.24211...k =  , 42.7578...k =  

  7.24k = , 42.8k =  A1 

    [3 marks] 
    Total [6 marks] 
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6. (a) (i) ( ) 4cos( ) sin
sin

xf x x
x

= +  A1 

 
  (ii)  

 
 
   correct domain and curvature A1 

Note: The correct domain may be implied by a single branch of the function.  
Condone the absence of π  on the x -axis.  

  Award A0 if the graph is not a function. 

   correct x -intercept at 1.80911... 1.81x = =  A1 

Note: Accept coordinates (1.81,0) .  This mark is independent of the first A1. 

    [3 marks] 
 

 (b) 1(2) 1.31837...f − =   

  1.32=  A1 
 
    [1 mark] 
 
    continued…  
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Question 6 continued. 

 
 (c) METHOD 1 
  EITHER 

  recognition that 
1sec

cos
x

x
=  (M1) 

  ( )2cos 0.666666...
3

α = =  

  ( )2arccos 0.841068...
3

α = =  (A1) 

  OR 

  ( )arcsec1.5 0.841068...α = =   (A2) 

  THEN 
  ( ) (0.841068...) 4.32306...f fα = =  

  29 54.32
15

 
= =  

 
  A1 

 
  METHOD 2 

  recognition that 
1sec

cos
x

x
=  (M1) 

  2 5 2cos ,sin cot
3 3 5

xα α  = = = 
 

 (A1) 

  

24
5 2 53( ) 4

3 35 5
3

f α

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

 

  ( )29 5 4.32306... 4.32
15

= = =   A1 

    [3 marks] 
    Total [7 marks] 
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7. (a) recognition that the speed is the magnitude of the velocity (M1) 

  speed 2 24 10 ( 25)= + −   

  107.703...=   

  108    ( 20 29)= =   (km/h) A1 

    [2 marks] 
 (b) METHOD 1  
  attempt to use right-angled triangle with the horizontal speed found in (a) (M1) 

  16 4tan
20 29 5 29

β  = = 
 

  (A1) 

  ( )8.44984β =    

  ( )8.45β =   A1 

Note:   Award M1A1A0 for answer of 0.147 radians.    

   
  METHOD 2 

  attempt to find angle between 

10
25
4

 
 − 
 − 

 and 

10
25
0

 
 − 
 
 

 (M1) 

2 2 2 2 2

10 10
25 25
4 0 725cos 0.989144...

741 72510 ( 25) ( 4) 10 ( 25)
β

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

 + − + − + −



 OR 

2 2 2 2 2

10 10 100
25 25 40
4 0 0 4sin 0.146943...

741 725 74110 ( 25) ( 4) 10 ( 25)
β

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

 + − + − + −
 (A1) 

  ( )8.44984β =    

  8.45β =    A1 

 
    continued…  
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Question 7 continued. 

 
  METHOD 3 

  attempt to find angle between 

10
25
4

 
 − 
 − 

 and a plane parallel to 0z =  (M1) 

  
2 2 2

10 0
25 0
4 1 4sin 0.146943...

74110 ( 25) ( 4)
β

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

 + − + −



  (A1) 

Note: This could also be written as ( )cos 90 ...β− =  

  ( )8.44984β =    

  8.45β =    A1 

    [3 marks] 
    Total [5 marks] 
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8. (a) ( )( )2 3Im e e eti i i+  

  ( ) ( )( )2 1 2 3Im e et i t i+ += +  A1 

Note:   This A1 is for clearly showing that the powers are added. 

  Accept alternative notation for the step of adding the arguments e.g. 
(cos(2 ) sin(2 ))(cos(1) sin(1)) cos(2 1) sin(2 1)t i t i t i t+ + = + + +  

  ( ) ( )sin 2 1 sin 2 3t t= + + +  A1 

  ( )h t=  AG 

Note: Accept argument in reverse 

    [2 marks] 

 (b) 3 2e e 1.08060...ei i i+ =   

  21.08e i   A1A1 

Note: Award A1 for modulus A1 for argument 

  ( )1.08 2cos(1)r = =   ,  2θ =   

    [2 marks] 
 (c) METHOD 1 

attempt to use their answers to part (a) and (b) to write ( )h t  as the imaginary part of a 
number in the form eir θ  (M1) 

  ( )( )2 2( ) Im e 1.08060...eti ih t =   

  ( )( )2 2Im 1.08060...e t i+=   (A1) 

  ( ) 1.08060...sin(2 2)h t t= +   

  ( )1.08sin(2 2) 2cos(1)sin(2 2)t t= + = +   A1 

 
  METHOD 2 
  Considering the graph of ( )h t   

  amplitude 1.08060...=  

  ( )1.08 2cos(1)p = =   (A1) 

  attempt to consider the horizontal shift of the graph of h  (M1) 

  first negative zero of graph is 1−  

  ( )( ) 1.08060...sin(2( 1)) 1.08060...sin(2 2)h t t t= + = +  

  ( )1.08sin(2 2) 2cos(1)sin(2 2)t t= + = +  A1 
    [3 marks] 
    Total [7 marks] 
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9. (a) attempt to use Euler’s method with a step of 0.25              (M1) 

  ( )1 1 2
20.25 , 0.25 n

n n n n
n n

xx x y y
x y+ +

 
= + = +  + 

 

  

( )0

1

2

3

0
0.5
0.803030...
1.04868...

y
y
y
y

=

=
=
=

 (A1) 

Note:  Award (A1) for at least two correct intermediate values given to 3sf. 

  If 2, 1.26152...x y= =  

  1.26y =  A1 

    [3 marks] 
 (b) (i) The estimate will be an overestimate  A1 
   because the tangents to the curve lie above the curve (the curve is concave 

down).  R1 
 
  (ii) The gradient of the curve (at (1,0) ) is positive (so the method works in the 

direction of the upper part of the curve). R1 
    [3 marks] 
    Total [6 marks] 
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Section B 
10. (a) 15   A1 

    [1 mark] 
 
 (b) attempt to add 11 cards onto a stack with 3 rows OR attempt to consider all 4 rows (M1) 

  valid diagram with 4 rows OR 4 15 11t = +  OR 4 2 5 8 11t = + + +  

  26=   A1 
    [2 marks] 
  
 (c) METHOD 1 

  recognition that nt is a sum of an arithmetic sequence  (M1) 

  2 5 8 11 ...nt = + + + +  

  attempt to use formula for the sum of n  terms of an arithmetic sequence M1 

  ( )( )2 2 3( 1)
2n
nt n= + −  A1 

  ( )3 1
2n
nt n= +  AG 

 
  METHOD 2 

  attempt to split nt into the total number of stacked and horizontal cards  (M1) 

  stacked ( ) ( )2 4 6 ... 4 2( 1) 2 2
2 2
n nn n + + + = + − = + 

 
 A1 

  horizontal ( ) ( )0 1 2 ... 0 1( 1) 1
2 2
n nn n + + + = + − = − 

 
 A1 

  ( ) ( ) ( ) ( )4 2( 1) 0 1( 1) 2 2 1
2 2 2 2n
n n n nt n n n n = + − + + − = + + − 

 
 

  ( )3 1
2n
nt n= +  AG 

    continued… 
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Question 10 continued. 

 

  METHOD 3 
  recognition that a stack with n  rows is made up of complete triangles with the bottom row 

of horizontal cards removed and that the numbers of complete triangle cards form an 
arithmetic sequence  (M1) 

  ( )3 6 9 12 ... 3nt n n= + + + + + −  OR 3(1 2 3 4 ... )nt n n= + + + + + −  

  attempt to use formula for the sum of n  terms of an arithmetic sequence M1 

  ( )( )2 3 3( 1)
2n
nt n n= + − − OR ( )3 1

2n
nt n n= × + −  A1 

  ( )3 1
2n
nt n= +  AG 

    [3 marks] 
 

 (d) attempt to solve ( )(3 1) 14(52) 728
2

n n +
≤ =   (M1) 

Note: Accept an attempt to solve an equation for (M1). 

  21.8642...  OR 21, 672nn t= =  and 22, 737nn t= =   (A1) 

  max number of rows is 21  A1 
    [3 marks] 
 

    continued… 

  



 – 21 – 2225 – 7107M 

 

Question 10 continued. 

 
 (e) EITHER 

  attempt to solve by listing at least six values of nt   (M1) 

  2,7,15,26,40,57...  

  OR   

  recognition that 

1 (3 1)
2

52

n n +
must be an integer (M1) 

  ( )1 (3 1) 52  where  is an integer
2

n n k k+ =  

  THEN 
  min number of rows is 13 A1 

Note: Award (M1)A0 for an answer of 5 packs.  

  Award M0A0 for any answer resulting from solving 
1 (3 1) 52
2

n n + = . 

    [2 marks] 
    

    continued… 
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Question 10 continued. 

 

 (f) EITHER 
attempt to use Pythagoras’s Theorem or trigonometry to find the height of an equilateral 
triangle with sides 88mm  (M1) 

  height= 2 288 44−  OR 88sin60OR 88cos30OR 44 tan60OR  

  
44

tan30
OR ( )44 3 76.2102...=   (A1) 

  attempt to solve  44 3 2000n >  OR their perpendicular height 2000n× >   (M1) 

Note: Accept an attempt to solve an equation for (M1). 

  OR 
  attempt to use trigonometry to find the side of an equilateral triangle with height 2000mm

   (M1) 

  side=  
2000

sin 60
OR 

2000
cos30

OR ( )4000 2309.40...
3

=   (A1) 

  attempt to solve  88 2309.40...n >  OR 88 their siden >  (M1) 

Note: Accept an attempt to solve an equation for (M1). 

  THEN 
  26.2431...n >   

  so min number of rows is 27 (A1) 

  27 1107t =  A1 

    [5 marks] 
     Total [16 marks] 
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11. (a) (i) ( )
4.5

2.25

4 4π1 cos 2.25 d
21 9

t t  − −    ∫  

   ( )3 0.428571... 0.429
7

= = =  A1 

  (ii) mode of 4.5T =  A1 

  (iii) the median is greater A1 

   P( 4.5) 0.5T < <  OR P( 4.5) 0.5T > >  OR ( ) ( )P 4.5 P 4.5T T< < >  OR median 4.69=  R1 

Note: Accept reference to areas rather than probabilities. 

    [4 marks] 
 

 (b) recognition of the need to integrate f  (M1) 

  
3.5

2.25

( )df t t∫  

  0.103749= …    

  0.104=  A1 
    [2 marks] 
 
 (c) attempt to use formula for conditional probability in context (M1) 

  P( 3)
P(fast)

T ≤
 OR 

P( 3)
P( 3.5)

T
T

≤
≤

 OR 
P(very fast)

P(fast)
 (accept strict inequality signs) 

  0.0247152...
0.103749...

=  (A1) 

  0.238220...=  

  0.238=  A1 

    [3 marks] 
 
    continued…  
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Question 11 continued. 

 (d) recognition that the lower quartile q  is the value such that 
2.25

( )d 0.25
q

f t t =∫  (M1) 

  ( )
2.25

4 4π1 cos 2.25 d 0.25
21 9

q

t t  − − =    
∫  (A1) 

Note: Condone the absence of dt  for this A1. 

  ( )
2.25

4 9 4πsin 2.25 0.25
21 4π 9

q

t t
   − − =      

  

  4.01290...q =  

  4.01q =  A1 

    [3 marks] 
 
 (e) attempt to find the expected value for a transformed linear variable (M1) 

  ( ) ( ) ( )E E EP a bT a b T= − = −   

  4.723 100a b− =   (A1) 

  recognition that max score is achieved with fastest time 2.25t =   (M1) 

  maximum score 2.25 150a b− =   (A1) 

  195.491..., 20.2183...a b= =   

  195 , 20a b= =   A1 

Note:  these values must be given to the nearest integer for the A1 to be awarded. 

    [5 marks] 
 
 (f) attempt to find variance for a transformed linear variable (M1) 

  ( ) ( ) ( )2Var Var VarP a bT b T= − =    

  ( )20.906 20.2183... 370.356...=   

  ( )Var 370P =   A1 

Note:  accept any answer which rounds to any value between 362 and 370 inclusive 
based on use of less accurate values of b . 

    [2 marks] 
    Total [19 marks] 
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12. (a) attempt to replace x   with x−   M1 

  ( )( )2

0
( ) 2

n r

n
r

f x x
=

− = − −∑  OR ( )2 22 2x x− − = −  (seen anywhere) A1 

  ( ) ( )n nf x f x− =  A1 

  so nf  is even for all values of n  AG 

    [3 marks] 
 

 (b) (i) ( ) ( )2 32 2 2
3 ( ) 1 2 2 2f x x x x= − + − + −  A1 

   2 4 61 2 4 8x x x= − + −  AG 

 

  (ii) 2 4 6 81 2 4 8 16x x x x= − + − +  A1 

    [2 marks] 
 

 (c) (i) recognition of geometric series with common ratio 22x−  (M1) 

   converges for 2 2 12 1
2

x x − < ⇒ < 
 

 (A1) 

   1 1 2 2
2 22 2

x x
 

− < < ⇒ − < <  
 

 

   largest 1 2
22

K
 

= =  
 

 A1 

 

  (ii) use of formula for S∞  of a geometric series with first term 1, common ratio 22x−  (M1) 

   
( )2

1( )
1 2

f x
x

=
− −

 

    ( ) 2

1( )
1 2

f x
x

=
+

 A1 

   1,  2a b= =  

    [5 marks] 
 
    continued…  
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Question 12 continued. 

 
 (d) (i) g  is a one-to-one function (A1) 

since g  is a (strictly) decreasing function OR g  has no points of zero gradient 
(turning points) R1 

 

  (ii) attempt to rearrange and swop x  and y (at any stage) (M1) 

   2
2

1 2 1
1 2

x x xy
y

= ⇒ + =
+

 

   2 1
2

xy
x
−

=  (A1) 

   
1
2

xy
x
−

= ±  

   ( )1 1
2

xg x
x

− −
=    A1 

Note: Award A0 if ( )1g x−  is missing. 

          Award FT A1 marks only if f  is of the correct form ( ) 2

1f x
a bx

=
+

 

   (domain) 1 1
2

x< ≤  A1 

Note: This A1 can be awarded independently. 

 
  
    [6 marks] 
 
    continued…  
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Question 12 continued. 

 
 (e)  

Note:  Throughout part (e), do not award A1 marks as FT from part (d) 

  METHOD 1 
  curves intersect at 0.5897545107...x =   (A1) 

  attempt to add the areas to the left and to the right of the point of intersection (M1) 

  
0.589... 1 0.589... 1

1
2

0 0.589... 0 0.589...

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

xg x x g x x x x
x x

−  −
+ = +  + 

∫ ∫ ∫ ∫  

  0.491548... 0.143738...= +  (A1) 

Note:  Award A1 for one correct value seen, dependent on (M1) 

  0.635286...=  

  Area of R 0.635=  A1 

 
  METHOD 2 
  curves intersect at 0.5897545107...x =  (A1) 

  attempt to find the area between ( )y g x=  and y x=  to the left of the point of 
intersection (M1) 

  
0.589... 0.589... 0.589...

2
0 0 0

1( )d d d
1 2

g x x x x x x
x

 − = − + ∫ ∫ ∫  

  0.317643...=  (A1) 

  ( )2 0.3176432617... 0.635286...=  

  Area of R 0.635=  A1 

 
    continued…  
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Question 12 continued. 

 
  METHOD 3 
  curves intersect at 0.5897545107...x =   A1 

  attempt to find the area under 1( )y g x−=   and y x=  to the right of the point of 
intersection and the area of a square of side 0.589...x =  (M1) 

  
1 1

2 1 2

0.589... 0.589...

10.589... 2 ( )d 0.589... 2 d
2

xg x x x
x

−  −
+ = +  

 
∫ ∫  

  ( )0.347810... 2 0.143738...= +  A1 

Note:  Award A1 for 0.143..seen, dependent on (M1) 

  0.635286...=  

  Area of R 0.635=  A1 

    [4 marks] 
    Total [20 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 

A GDC is required for this paper, but if you see work that suggests a candidate has used any 
calculator not approved for IB DP examinations (eg CAS enabled devices), 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) 1.97651...,40.2286...

1.98,a = 40.2b =  ( )( )1.98 40.2y x= + A1A1 

[2 marks] 

(b) attempt to substitute 20x =  into their regression equation (M1) 

1.97651... 20 40.2286...y = × +

79.7589...
79.8  (hours) A1 

[2 marks] 
Total [4 marks] 
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2. 
(a) attempt to find distance between two points (M1) 

( ) ( ) ( ) ( )2 2 23 1 4 7 2 0 5.38516...− − + − + − =

( )VX 5.39 29= = A1 

[2 marks] 

(b) attempt to use Pythagoras’ theorem (M1) 

( )2 25 5 7.07106...+ =

( )AC 7.07 5 2= = A1 

[2 marks] 

(c) valid attempt to use trig ratio in triangle VXC (M1) 

29 5.38516...tan
3.53553...5 2

2

θ  = = 
 

 

56.7138...  OR 0.989842... rad 

56.7θ =   OR 0.990θ = rad (accept 0.99θ = ) A1 

[2 marks] 
Total [6 marks] 
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3. 
(a) one critical value (seen anywhere) (A1) 

recognizing that for f  to be decreasing 0f ′ < (M1) 

1.73554...x = −  or 0.517999...x =  

1.74x ≤ −  and 0.518x ≥  OR 1.74x < −  and 0.518x > A1 

[3 marks] 

(b) correct critical value 0.405465...x = − 2ln
3

 = 
 

( seen anywhere) (A1) 

attempt to find maximum of f ′  OR recognising that ( ) 0f x′′ >  OR sketching graph of 

f ′′  OR ( ) 2 3exf x′′ = − (M1) 

concave-up for 
2ln
3

x <  OR 0.405x < −  A1 

[3 marks] 
  Total [6 marks] 
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4. (a) METHOD 1
101530000 1

100
 − 
 

OR ( )1030000 0.85 (M1) 

5906.232130...  

€5906.23  A1 

Note: Award (M1) for the correct list of values 

METHOD 2 
PV 30000
FV 5906.23213...
I% 15%
P / Y 1
C / Y 1
N 10

= ±
=
= −
=
=

=



(M1) 

€5906.23  A1 

[2 marks] 
(b) METHOD 1

( )1.5 0.8r c i= − = −

( )0.7 %r = (A1) 

attempt to substitute their values into inequality (M1) 

0.750000 1 55000
100

n
 + > 
 

 (accept equality)

correct critical value OR at least one correct crossover value (A1) 

13.6633n = …OR 13,n = €54746.09  OR 14,n = €55129.31 

14  (months) A1 
[4 marks] 

Note: Award (A1)(M1)(A0)A0 for 164 (months) 

continued… 
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Question 4 continued. 

METHOD 2 

1.51
100 1.00694...0.81
100

+
=

+
 ( )( )0.694... %r = (A1) 

attempt to substitute their values into inequality (M1) 

( )50000 1.00694... 55000n > (accept equality)

correct critical value OR at least one correct crossover value (A1) 

13.7722n = …OR 13,n = €54706.84  OR 14,n = €55086.75  

14  (months) A1 

Note: Award (A1)(M1)(A0)A0 for 164 (months) 

[4 marks] 
  Total [6 marks] 
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5. 

(a) recognition that maximum speed occurs when v  is greatest (M1) 

one correct coordinate for minimum ( )4.71238..., 2.71828...−

( )2.72 e=   ( )1ms− A1 

Note: Award (M1)A0 for the answer 1, from working with degrees. 

[2 marks] 

(b) substitution of limits into correct formula (M1) 
5

0
dv t∫

3.84591...  

3.85  ( )metres A1 

[2 marks] 

(c) 0v =  (seen anywhere) (M1) 

3π2.35619...
4

t  = = 
 

 (A1) 

0.986137...a =  
1
20.986 2ea

− 
= =  

 
 ( )2ms− A1 

[3 marks] 
  Total [7 marks] 
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6. 
METHOD 1 

recognising segment

triangle

a
5

rea
area

3
=  (or equivalent) (seen anywhere) (M1) 

triangle 21.3333...area = OR sec tor .a 1rea 34. 333..=  A1 

correct equation in r and θ  (A1) 

21 34.1333...
2

r θ = OR 21 sin 21.3333...
2

r θ = OR ( )21 sin 12.8
2

r θ θ− = (seen anywhere) 

correct equation in one variable A1 

2
2 2

1 68.2666... 68.2666...sin 12.8
2

r
r r

  − =    
OR 1 68.2666... sin 21.3333...

2
θ

θ
  = 
 

OR 

( )1 68.2666... sin 12.8
2

θ θ
θ

  − = 
 

attempt to solve their equation or use of graph (M1) 

1.59934...θ =  

6.53330...  

6.53r =  A1 

METHOD 2 

recognising segment

triangle

a
5

rea
area

3
=  (or equivalent)  (seen anywhere) (M1) 

areasegment ( )21 sin
2

r θ θ= −   (seen anywhere) (A1) 

( )2

2

1 sin 32
1 5sin
2

r

r

θ θ

θ

−
=

correct equation without r A1 

( )sin 3
sin 5

θ θ
θ

−
=

1.59934...θ =  (A1) 

continued… 
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Question 6 continued 

attempt to solve for r  using their θ  (M1) 

( )21 1.59... sin1.59... 12.8
2

r − =

6.53330...  
6.53r =  A1 

METHOD 3 

recognising areasegment 
3
8

= ×areasector  (seen anywhere) (M1) 

areasegment ( )21 sin
2

r θ θ= −   (seen anywhere) (A1) 

( )2 21 3 1sin
2 8 2

r rθ θ θ− = ×  

correct equation without r A1 

( )1 3 1sin
2 8 2
θ θ θ− = ×  

1.59934...θ =  (A1) 

attempt to solve for r  using their θ  (M1) 

( )21 1.59... sin1.59... 12.8
2

r − =

6.53330...  
6.53r =  A1 

[6 marks] 
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7. (a) attempt to find common ratio (M1) 
380 0.74088r =  

0.21r =  (A1) 

2 16.8u = A1 

[3 marks] 

(b) METHOD 1
attempt to find common difference (M1) 

( )1 110 16.8 80 10 63.2u d u d+ − = − = −

6.32d = − (A1) 

EITHER 

attempt to find the value of n  using table or graph of nS (M1) 

13n =  

( )13
13 2 80 6.32 12
2

S = × − ×

OR 

attempt to find greatest value of nS using table or graph (M1) 

THEN 
547.04= A1 

Note:  Award (M1)(A1)(M1)A0 for candidates who give maximum at 
( )13.1582...,547.119... .

[4 marks] 
METHOD 2 
attempt to find common difference (M1) 

( )1 110 16.8 80 10 63.2u d u d+ − = − = −

6.32d = − (A1) 

attempt to find the value of n  using 0nu >  (M1) 

80 ( 1)( 6.32) 0n+ − − >  (accept = ) ⇒ 13.6582...n < OR 13n =  

( )13
13 2 80 6.32 12
2

S = × − ×

547.04= A1 

[4 marks] 
Total [7 marks] 
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8. an attempt to set up an expression for mean or variance that includes total frequency and
both p  and q  (M1) 

20 12 35 8
12 8

q px
q

× + × + ×
=

+ +
 

240 35 8
20

q p
q

 + +
= + 

240 35 8 31
20

q p
q

+ +
=

+
 OR 4 8 380q p+ = ( )2 95q p+ = (A1) 

2 2 2 2
2 2 212 20 35 8 4800 1225 831 124 31 124

12 8 20
q p q p

q q
σ

 × + × + × + +
= − = − = + + + 

OR 

( ) ( ) ( ) ( )2 2 2 2
2 12 20 31 35 31 8 31 1452 16 8 31

124 124
12 8 20

q p q p
q q

σ
 × − + × − + × − + + −

= = =  + + + 
(A1) 

EITHER 
95 2q p= −  (A1) 

substitute their q  into their expression for variance and solve for p (M1) 

( )
( )

2
24800 1225 95 2 8

31 124
20 95 2

p p
p

+ − +
− =

+ −
 OR ( ) ( )

( )

21452 16 95 2 8 31
124

20 95 2
p p

p
+ − + −

=
+ −

 

45p =  A1 

5q = A1 

OR 

95
2

qp −
= (A1) 

substitute their p  into their expression for variance and solve for q M1 
2

2

954800 1225 8
2 31 124

20

qq

q

− + +  
  − =

+
 OR 

2951452 16 8 31
2 124

20

qq

q

− + + − 
  =
+

 

5q = A1 

45p =  A1 

Note: Award A1A0 for 45, 5p q= =  and 10, 115p q= − = . 

  Note: Award full marks for 45, 5p q= =  regardless of working. 

[7 marks] 
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9. (a) METHOD 1

correct direction vector, e.g. 
2 0 2
1 0 1
5 2 3

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

(or equivalent) A1 

attempt to find direction normal using vector product (M1) 

2 1
1 0
3 1

   
   ×   
   
   

 

1
1
1

 
 
 
 − 

 (or equivalent) A1 

correct substitution of a point on the line to obtain d A1 

2 1
1 1 2
5 1

d d
   
   ⋅ = ⇒ = −   
   −   

 OR 
0 1
0 1 2
2 1

d d
   
   ⋅ = ⇒ = −   
   −   

 OR 

2 1
1 1 2
5 1

d d
−   

   ⋅ − = ⇒ =   
   
   

 (or equivalent) 

hence equation of the plane 1∏  is 2x y z+ − = −  AG 

METHOD 2 

attempt to form parametric equations of a plane through point (0,0, 2)  and two vectors in the 

plane 
1
0
1

 
 
 
 
 

 and 
2
1
3

 
 
 
 
 

 M1 

0 1 2
0 0 1
2 1 3

r λ µ
     
     = + +     
     
     



 

A1 

2

2 3

x
y
z

λ µ
µ

λ µ

= +
=
= + +

continued… 
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Question 9 continued 

2x yλ = −  
2 3z yλ= + + A1 

2 2 3z x y y= + − + A1 

2x y z+ − = −  AG 

[4 marks] 

(b) METHOD 1
attempt to form an equation to eliminate one of the variables M1 

EITHER 
( 2) 7b y z− + =  A1 

2 3 2y z d− = − − A1 

OR 
( 1) 5x b y+ − =  A1 

3 4x y d+ = −  A1 

THEN 

( )3 4 19b y d− = −

19
3 4

dy
b
−

=
−

4
3

b =  and 19d = A1 

Note: Award M1A1 for 
4
3

b =  seen anywhere 

continued… 
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Question 9 continued 

METHOD 2 

1 1 1 2
2 1 3
1 1 2

b
d

− −
−

−

attempt to use row reduction M1 

1 1 1 2
0 2 1 7
0 2 3 2

b
d

− −
−
− +

  or equivalent A1 

2 14
2 2

1 1 1 2
0 2 1 7

0 0 3 2
b b

b

d
− −

− −
−

+ + +

  or equivalent (A1) 

23 0
2b

+ =
−

 and 14 04 2
3

2d =
−

+ +

4
3

b =  and 19d = A1 

Note: Award M1A1 for 
4
3

b =  seen anywhere 

continued.. 
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Question 9 continued 

METHOD 3 

attempt to use determinant and equate it to zero (M1) 
1 1 1 2
2 1 3
1 1 2

b
d

− −
−

−

( )
1 1 1

1 2 1 2
det 2 1 1 1 1

1 2 1 2 1 1
1 1 2

b b
b

 −  
− −  − = × − × + − ×   − − −  −  

det 3 4b= −  
3 4 0b − =  

4
3

b = A1

1 1 2
det 2 1 3 0

1 2 d

 − −  
  − =  
    

 

(A1) 
19d =

  A1 

Note: Award (M1)A1 for 
4
3

b =  seen anywhere 

[4 marks] 
Total [8 marks] 
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SECTION B 
10. 

(a) recognising to find ( )P 170W < (M1) 

( )P 170 0.265985W < = …

( )P 170 0.266W < =  (accept 26.6%) A1 

[2 marks] 

(b) recognising ( )P 0.2W w> =  OR labelled sketch (or equivalent)  (M1) 

181.732w = …

181.7 w =  (grams) (must be 4 sf) A1 

[2 marks] 

(c) recognizing the need to find ( )P 170 185W< < (M1) 

diagram, ( ) ( )P 170 185 0.628 364W< < = …

62.8% A1 
[2 marks] 

(d) recognising binomial probability (M1) 

( )~ B 40,0.628364X …  OR 40n =  and 0.628364p = … (A1) 

( )P 30 0.073861X ≥ = …

( )P 30 0.0739X ≥ = (accept 7.39%) A1 

[3 marks] 
continued… 
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Question 10 continued. 

(e) ( )~ B 10, 0.073861Y … (A1) 

( )P 4 0.003944Y = = …

( )P 4 0.00394Y = =  (accept 0.394%) A1 

[2 marks] 

(f) ( )P 170 0.12W < =   OR  ( )P 185 0.06W > = (A1) 

use of inverse normal to find z  score for their probability (M1) 

( )1.17 4986z = − … , ( )1.55 4773z = … (A1)(A1) 

attempt to solve their two equations (M1) 

1701.174986 µ
σ
−

− …=  

1851.554773 µ
σ
−

…=

176.456µ = …   

176µ =   (grams) A1 

[6 marks] 
Total [17 marks] 
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11. (a) METHOD 1
15 10 5

5 5 5

3!
C C C× × 3003 252 1 756756

6 6
× × = = 

 
 OR 

15!
5! 5! 5! 3!× × ×

(A1)(A1) 

Note: Award A1 for ( )15 10
5 5 756756C C× =  OR 

15!
5! 5! 5!× ×

 and A1 for dividing by 

( )3! 6= . 

126126= A1 

METHOD 2 
14 9 4

4 4 4C C C× × (A1)(A1) 

Note: Award A1 for 14
4C  and A1 for 14 9

4 4C C× . 

If a random student comes out and picks a team of 4 on their turn. 

126126= A1 
[3 marks] 

(b) attempt to use integration by parts (M1) 

u t=  and 3d e
d

tv
t

−=

3 31e e
3

t tdt− −∫ = −  (seen anywhere) A1 

3 3

0 0
0

1 1( )d e e
3 3

a
a at tf t t k t dt− −

    = − − −       
∫ ∫  

3 3

00

1 1e e
3 3 3

1
a a

t tk t − −
      = − + −           

 A1 

Note: Condone the absence of k  and limits up to this stage. 

continued… 
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Question 11 continued. 

3 31 1 1 1e 0 e
3 3 3 3

a ak a − −    = − − + − +    
    

 

3 31 1 1e e
3 9 9

a ak a − − = − − + 
 

 A1 

( ) 31 3 1  e
9

ak a − = − +  AG 

[4 marks] 

(c) (i) 3 3 3
3 1 3lim lim lim

e 3e e
1

x x xx x x

x
→∞ →∞ →∞

+  = = 
 

 A1 

Note: This first A1 must be seen. 

0= A1 

(ii) ( ) 3lim 1 3 1  e
9

a

a

k a −

→∞
 − +  3

3 11 lim
9 e aa

k a
→∞

+ = − 
 

( )1 0
9
k

= − (A1) 

recognising area of probability density function 1=  (seen anywhere) (M1) 

1
9
k
=  

9k = A1 

[5 marks] 

(d) recognition that the integral or their expression equals 0.5  for a m= (M1) 

( )
0

0.5 
m

f t dt =∫   OR  ( ) 31 3 1  e 0.5mm −− + =

0.559448…  OR  33.566939…

median = 0.559 (min) OR 33.6 (sec) A1 

Note: FT can only be awarded for a positive value of k . 

Award (M1)(A1) for a final answer of 0.56  with no working shown. 

[2 marks] 
Total [14 marks] 



– 25 – 2225 – 7112M 

12. (a) METHOD 1
attempt to differentiate implicitly (M1) 

( )d d8 2 24 4 0
d d
y yx y
x x

+ − + = A1A1 

Note:  Award A1 for 8 24x −  and A1 for 
d d2 4
d d
y yy
x x
+ .

Award A1A0 for 
d d8 2 24 4 20
d d
y yx y
x x

+ − + = −  (or equivalent). 

The implicit differentiation must be seen to award the above A marks. 

d 24 8 12 4    
d 2 4 2
y x x
x y y

 − −
= = + + 

A1 

( )4 3d
d 2

xy
x y

−
=

+
AG 

METHOD 2 

( )2 24 24 4 20 8 24d x y x y x
dx

+ − + + = − A1 

( )2 24 24 4 20 2 4d x y x y y
dy

+ − + + = +  A1 

dC
dy dx

dCdx
dy

= − (M1) 

d 24 8 12 4    
d 2 4 2
y x x
x y y

 − −
= = + + 

A1 

( )4 3d
d 2

xy
x y

−
=

+
AG 

[4 marks] 

continued… 
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Question 12 continued. 

(b) recognising boundaries of domain when 
d
d
y
x

 undefined (M1) 

2 0y + =  

2y = −  (A1) 

substituting their y  value into curve equation and attempt to solve for x (M1) 

( ) ( )224 2 24 4 2 20 0x x+ − − + − + =  ( )2 6 4 0x x− + =

6 20
2

x ±
=  OR ( )23 5 0x − − =

3 5 3 5x− ≤ ≤ +  (accept 5a = ) A1 

Note: Award a maximum of M1A1M1A0 for a final answer of 0.764 5.24x≤ ≤ . 

[4 marks] 

(c) A 3x =  A1 

substituting their x  value into curve equation (M1) 

( ) ( )2 24 3 24 3 4 20 0y y+ − + + =

2.472135…OR 2 2 5− +

A 2.47y =  OR A 2 2 5y = − + A1 

( )3, 2.47A OR ( )53,  2 2A − +

Note: Award A1(M1)A1 for a final answer of (3,2.5)A  with no working shown. 

[3 marks] 

(d) ( ) ( )224 24 4 20 0x mx x mx+ − + + =    ( ) ( )( )2 24 4 24 20 0m x m x+ + − + = (A1) 

( ) ( )( )2 24 24 4 4 20m m− − + A1 

recognising discriminant = 0 (seen anywhere) M1 

both 4m = −  and 1m =  A1 

[4 marks] 

continued… 
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Question 12 continued. 

(e) METHOD 1

attempt to form an equation in y  by substituting 1
4

x y= − (M1) 

2
21 14 24 4 20 0

4 4
y y y y   − + − − + + =   

   
 (A1) 

B 4y = − A1 

Note: Award (M1)A1A0 if an extra value is given for .By  

METHOD 2 
attempt to form an equation in x  by substituting 4y x= − (M1) 

( ) ( ) ( )224 4 24 4 4 20 0x x x x+ − − + − + =

1x =   (A1) 

B 4y = −  A1 

Note: Award (M1)A1A0 if an extra value is given for .By  

[3 marks] 

(f) attempt to solve for x  by quadratic formula or completing the square (M1) 

( ) ( ) ( )( )2 224 24 4 4 4 20

2 4

y y
x

− − ± − − + +
=

×
OR ( )2 24 3 36 4 20x y y− − = − − −

224 256 64 16
8

y yx − − −
=

216 43
4
y yx

 − −
= −  

 
A1 

Note: Condone ±  at this stage. 

2 2
2 22 2 5 2.47

4 4

24 256 64 16 16 4π d π 3 d
8 4

y y y yV y y
− + …

− −

    − − − − −  = = −         
∫ ∫   A1 

29.708027… 
volume = 29.7 A1 

Note: Award (M1)A1A1 for a final answer of 30  with no working shown. 

[4 marks] 
Total [22 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. 

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 
 

A GDC is required for this paper, but if you see work that suggests a candidate has used any 
calculator not approved for IB DP examinations (eg CAS enabled devices), 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) substituting into cosine rule (M1) 

  ( ) ( )2 2 2BC 12 7 2 12 7 cos 116= + − × × ×    (A1) 

  266.646... 16.3293...=  

  ( )BC 16.3=  A1 

    [3 marks] 
 

 (b) substituting into sine rule or cosine rule for angle ˆACB  or angle ˆABC  (M1) 

  
( ) ( )ˆsin ACB sin 116

7 16.3293...
=



  OR 2 2 2 ˆ7 12 16.3293... 2 12 16.3293... cos(ACB)= + − × × ×   

  OR 180 116 41.3° − °− ° from finding angle ˆABC  (A1) 

  22.6618… 

  ( )ˆACB 22.7 ( )=  (accept 22.8( ) if using previous 3sf AND the cosine rule) A1 

    [3 marks] 
    Total [6 marks] 
 
 
2. EITHER 
 use of the remainder or factor theorem (M1) 

 (1) 0f =  OR (3) 2f = −  

 (1) 2 6 2 0 ( 6)f p q p q= − + + − = ⇒ + =  (A1) 

 (3) 162 162 9 3 2 2 ( 3 0)f p q p q= − + + − = − ⇒ + =  (A1) 

 OR 
 attempt to use synthetic division OR long division to find remainder (M1) 

 
4 3 2

3 26 2 4 ( 4 042 ) 62 6
1 1

x x qx x p x p qx p p qx p q
x x

 + + −
= ⇒ + − = −

+− −
− + − + + −


+

−
 (A1) 

 
4 3 2

32 9 3 22 9 3 2 23
3

2
3

6x x qx qx p px px p q
x

p q
x

− + −
+ +

 + + −
= + ⇒ + − = − − −

+
 

 (A1) 

 THEN 
 solving simultaneously their two equations in p and q (M1) 

 3, 9p q= − =  A1 

    [5 marks] 
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3. (a) (i) summing probabilities and equating to 1 (M1) 
   1.5 2 0.281 0.026 1a a a+ + + + =  

   ( ) 0.154a =  A1 

  (ii) 2 (days) A1 
    [3 marks] 
 
 (b) using expected value formula  (M1) 

  (mean =)2.44 (2.436 (exact)) A1 
    [2 marks] 
 
 (c) convenience (sampling) A1 
    [1 mark] 
    Total [6 marks] 
 
 

4. Attempts to use the area formula for triangle AOB  AND equate it to 26  (M1) 

 
1 sin(2.51) 26
2

a b× × =  OR 
1 OA OB sin AOB 26
2

× × =  

2 sin(2.51) 261
2

r× × =  or equivalent (A1) 

9.38462...r =  (A1) 

 use of arc length formula to find the major arc ACB  (M1) 

 9.38462... (2π 2.51)× −  OR  2π 9.38462... 9.38462... 2.51× − ×  OR 9.38462... 3.773185...×  

 35.4099… 

 (arc length =) 35.4 (cm) A1 
    [5 marks] 
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5. (a) use of quotient rule or product rule (M1) 
 
  EITHER 
 

  
( )

2 3

2

2

2

3 (2 ) ( 5) 2(2 ) ( 5)2( )
( 5)

x a x x a xf x
x

+ + − + +

+

× ×′ =  (A1) 

 

  
2 3 2

3

2

4

6(2 ) ( 5) 2(2 ) ( 5) 2( 15)(2 )( )
( 5) ( 5)

x a x x a x x a x af x
x x

 + + − + + − + +′ = = + + 
 A1 

 
  OR 
 
  2 2 3 32 ( 5( ) 3 (2 ) 2(2 ) ( 5))f x x a x x a x− −′ − ++= + +× ×  (A1) 
 
  ( )2 2 3 3 2 3( ) 6(2 ) 2(2 ) ( (( 5 5) 2 15)(2 ) 5)) (f x x a x a x x a x ax x− − −′ += + − + + = − + + +  A1 

    [3 marks] 
 

 (b) recognizing (1)f ′  is equal to tan 70 (=2.74747) (M1) 
2 32

4

6(2 ) 6 2(2 ) tan 706
6

a a
=

×+ − +
  OR 2 2 3 36(2 ) 6 2(2 n6) ta 70a a− −+ − + =×   (A1) 

   
  2.72844…, 14.96968…  
  2.73,15.0a =  A1A1 
 
     [4 marks] 
     Total [7 marks] 
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6. (a) substituting into scalar product formula (M1) 

  (i) ( ) 5 42p= − −a c  A1 

  (ii) ( ) 8 54p= − −b c  A1 

    [3 marks] 
 

 (b) substituting into the angle between two vectors formula to find either a c  or b c  (M1) 

  
2

5 42cos
74 36

p
p

θ − −
=

+
,

2

8 54cos
145 36

p
p

θ − −
=

+
 (A1)(A1) 

  equating their two expressions for cosθ  (M1) 

  
5 42 8 54

74 145
p p− − − −

=  

  4.78727...p =  

  ( ) 4.79p =  A1 

    [5 marks] 
    Total [8 marks] 
 
 

7. 

1
1 2 2
2

2

1 1 xq
qq x

−
−  

= − 
−  

 OR ( )
1

2 2
2

1 q x
q x

−
= −

−
 (A1) 

 substituting into extension of binomial theorem formula to find term in 6x   (M1) 

 
3 3221 1 1 1 51 2

2 2 2 3! 16
x x
q q

   
× − × − × × − × −  

−  
 

         − − = −               
 OR ( )3 3

1
22

1
2 q x

r

− −
×

 −




× −




 (A1) 

 
31 7

2 25 5
16 1

1
6

q q
q

− − 
= 

  × − × −  
   

 OR 6
7
25

16
q x
−

 (A1) 

 equating their coefficient to 5120 or their term in 6x  to 65120x  (M1) 

 
7
25 5120

16
q
−
=  OR 6 6

7
25 5120

16
q x x
−

=  

 10.0625
16

q  = = 
 

 A1 

    [6 marks] 
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8. METHOD 1 
 EITHER 

 number of games played by 1n −  players 2
1 2Cn− ×  OR ( 1)( 2)n n− −  (A2) 

 total number of games is 2
1 2 7Cn− × +  OR ( 1)( 2) 7n n− − +  (A1) 

 
 OR 

 total number of games that should have been played is 22 Cn×  OR ( 1)n n −  (A1) 

 Stephen should have played 2( 1)n −  so he missed 2( 1) 7n − −  games (A1) 

 total number of games played is  ( )( 1) 2( 1) 7n n n− − − −  (A1) 

 
 THEN 
 equating their total number of games to 513 (M1) 

 24n =   A1 

 
 METHOD 2 
 there are N students other than Stephen 

 number of games played by N students is ( ) ( )( ) ( )2 1 2 ... 2 1 ( 1)N N N N− + − + + + = −  (A1) 

 total number of games that are played ( 1) 7N N − +  (A1) 

 equating their total number of games to 513 (M1) 
 23N =   (A1) 

 number of students in class 24=  A1 
    [5 marks] 
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9. (a) Let ˆAPG α=  

  ˆ ˆBPG APGθ = −  (may be seen in diagram) (M1) 

   2 2tan ( ) arctan
6 6

x xθ θα α+  +  = ⇒ =    
+


+  AND tan arctan

6 6
x xα α  = ⇒ =     

 A1 

  

2arctan arctan
6 6

x xθ +   = −   
     AG 

    [2 marks] 
 
 (b) METHOD 1 

  setting 0.178θ =   (M1) 

  
2arctan arctan 0.178

6 6
x x+   − =   

   
 

  4.63047...x =  (A1) 

Note: The following three marks are independent of the first two marks. 

 
  EITHER 

  2 6
d 2 6arctan
d 6 3( 2)

x
x x
 +   =  +  +


 OR 2 6

d
3

6arctan
d 6

x
x x
   =  
  + 

 (seen anywhere) (A1) 

  attempt to use the chain rule to differentiate 
2arctan arctan

6 6
x x+   −   

   
 with respect to t (M1) 

  2 23
d 6 d 6 d
d ( 2) d 6 d6 3

x x
t x t tx
θ

× = − ×
+ +

 +  OR d d0.0294199...
d d

x
t t
θ ×= − 

 
  (or equivalent) (A1) 

  substituting their x and 
d 12.5
dt
θ
=  (M1) 

  12.5 0.0294 d199.
d

.. x
t

×= −  

    continued… 
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 Question 9 continued  

  
  OR 

  
( )22 2

d 12 12(2 2)
2 36 2 36d xx

x
x x x

  =
+

−
+


 +

+
+

 (seen anywhere) (A1) 

  attempt to use the chain rule to differentiate 2

12tan
2 36x x

θ =
+ +

 with respect to t (M1) 

  
( )

2
22

12(2 2) d
d2

dse
36

c
d

x x
tt x x

θθ +
= −

+ +
 OR 2 dsec 0.030372 . d. .

d d
1 x

tt
θθ ×= −  (or equivalent) (A1) 

  substituting 0.178θ = , their x and 
d 12.5
dt
θ
=  (M1) 

  2 d12.5s 0. .7 0) 30 0c 37e ( 1 21...
d

8 x
t

×=× −  

  THEN 

  
d 424.881...
d
x
t
= −   

  1(speed ) 425 (km hr )−=  A1 

 

 

    continued… 
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Question 9 continued  

  METHOD 2 

  setting 0.178θ =   (M1) 

  
2arctan arctan 0.178

6 6
x x+   − =   

   
 

  4.63047...x =  (A1) 

  substitutes their value of x to find 
d
dx
θ

 when 0.178θ =  (M1) 

  
d 0.0294199...
dx
θ
= −  

  recognition that chain rule required (seen anywhere) (M1) 

  
d d d
d d d
x x
t t

θ
θ

= ×  (or equivalent, must include ,  and x t θ ) 

  substituting their value for ( )d 0.0294199...
dx
θ

= −  and 
d 12.5
dt
θ = 

 
 (M1) 

  
d 1 12.5
d 0.0294199...
x
t

 = ×  − 
 

  424.881...= −    

  1(speed ) 425 (km hr )−=  A2 

    [7 marks] 
    Total [9 marks] 
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Section B 
 

10. (a) (i) 7.43076… 

   1(1) 7.43 (ms )v −=   A1 

 

  (ii) equating ( )v t  and 5 (M1) 

   0.348114… 

   0.348 (seconds) A1 

    [3 marks] 
 
 (b) recognizing ( )a v t′=  (M1) 

  0.590930...  

0.591  (seconds) A1 

    [2 marks] 
 
 (c) (i) considering large values of t (M1) 

 ( )( ) 1lim ( ) 8.14 (ms )
t

v t
→∞

−=  A1 

 
(ii) EITHER 
 the race lasts a finite time (e.g. it ends after (Fiona) crosses the line)  R1 
 OR  
 the graph approaches the limiting value but Fiona will never attain that speed  R1 
 OR 
 Fiona cannot maintain that speed for a long period of time R1  
  

Note: Award R1 for a valid reason that does not contradict their answer to part (c)(i). 

     [3 marks] 
 
    continued… 
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Question 10 continued 

 
 (d) Fiona takes ft  seconds to travel 200 m 

  EITHER 
  recognizing distance travelled by either athlete in the first t seconds is  

  
0

( ) d
t

v t t∫  OR 
0

( ) d
t

w t t∫  (seen anywhere) (M1) 

  equating distance travelled by Fiona to 200 (m) (M1)  

  
0

( ) d 200
ft

v t t =∫  

  OR 

attempt to integrate ( )v t   (M1) 

2( ) 8.14 0.2 3.64031...s t t= + −  

  equating 200 to their ( )s t  (must include a constant of integration)   (M1) 

  28.14 0.2 3.64031... 200t + − =  

  THEN 
  25.0132...ft =  (accept 25) (A1) 

  recognition that a definite integral of ( )w t with 0 and their ft is required (M1) 

  (Lucy’s distance =)
25.0132...

0

( ) dw t t∫  ( 195.772...= )  

  distance from finishing line = 200 – their Lucy’s distance (M1) 

  4.22788… 
  4.23 (m) A1 
 
    [6 marks] 
    Total [14 marks] 
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11. (a) (i) recognizing binomial distribution  (M1) 

   B(50, 0.08)E  , where E is the number of inaccurate surveys 

   P ( 6) 0.898128...E ≤ =  

   ( )P ( 6) 0.898E ≤ =  (accept 89.8% ) A1 

 
  (ii) recognition of conditional probability (M1) 

Note: Recognition must be shown in context either in words or symbols, not just P ( | )A B . 

   
P ( 4)P ( 4 | 6)
P ( 6)

EE E
E
=

= ≤ =
≤

 

   
0.203654...
0.898128...

=  (A1) 

   0.227=  (accept 22.7% ) A1 

    [5 marks] 
 
 (b) use of tables (M1) 

Note: Award (M1) for at least one correct value of P ( 6)E ≤  for a value of n, where 50n ≠ . 

  ( 94 ) P ( 6) 0.366746...n E= ⇒ ≤ =    

  94n =  A2 
    [3 marks] 
 

 (c) (i) P( ) P( ) P( ) P( )I I A I B I C= ∩ + ∩ + ∩  (M1) 

   0.55 0.08 0.25 0.06 0.2 0.11= × + × + ×  (A1) 

   0.081=  (accept 8.1% ) A1 

 

  (ii) 
P( )P( | )

P( )
A IA I

I
∩

=  (or use of Bayes’ formula) (M1) 

   
0.55 0.08P( | )

0.081
A I ×

=   (A1) 

   0.543209...   

   0.543=  (accept 54.3% ) A1 

    [6 marks] 
     

    continued… 
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Question 11 continued  

 
 (d) METHOD 1 

  
0

P | )
0

(
1

I xC =  (seen anywhere) (M1) 

  0.08 0.25 0.06 0.2
100

P ( ) 0.55I x
× ×= + × +  (A1) 

  equating their expression for P ( )I  to 
100

x
 (M1) 

  0.08 0.25 0.06 0.2
100

0.55
100

x x
= × + × + ×   

  7.375x =  

  7.38x =  (accept 7.38% ) A1 
 
  METHOD 2 

  0P 0.08 . 0( 5 25 0. 6 0.) 5 20. yI × + × += ×  (A1) 

  equating their expression for P ( )I  to y (M1) 

  0.08 0.25 0.06 0.20.55 yy × + × += ×  

  0.07375y =  

  recognizing to multiply their y value by 100 (M1) 

  7.38x =  (accept 7.38% ) A1 

    [4 marks] 
    Total [18 marks] 
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12. (a) attempt to use integration by parts (M1) 

  ( )2 2 e5 e dxx x xx −− ∫  OR 2e 2 e d5ex x xx x x−− + ∫  A1 

  attempt to use integration by parts a second time (M1) 

  ( ) ( )2 e d5 e 2 e xx xx xx −−− ∫  OR ( )2e 2 e e d5e xx x xx x x− −− + ∫  A1 

  ( ) ( )2 2 e5 e e xx xx x−− −  (A1) 

  ( )2 2 3 ex cx x− +−  OR ( ) ( )2 e e5 e 2x x xx cx −−− +    (or equivalent) A1 

    [6 marks] 
 

 (b) rearranging to 2 5d
d
y y x
x
+ = −  AND attempt to find integrating factor (M1) 

  de ex x∫ =  (seen anywhere) A1 

  ( )2de e e
d

5x x xy y x
x
+ = −  

  ( ) ( )2d e e
d

5x xy x
x

−=  OR ( )2e 5 e dx xy x x−= ∫  M1 

  ( )2 2e 3 ex xx xy C− −= +   OR  2 2e e e 3ex x x xy Cx x− −= +  A1 

  2 2 e3 xy x Cx −−= +−  AG 

    [4 marks] 
    continued… 
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Question 12 continued 

  

 (c) substituting 3, 2x y= − =  into 2 2 e3 xy x Cx −−= +−  (M1) 

  32 9 6 3 eC= + − +  

   ( )30.497870... 10eC −⇒ = − = −  A1 

  2 2 3 0.498e xy x x −− −= −  (accept 2 32 3 10e xy x x − −−= − − )  

 

 
    A1A1A1 

Note:  Award marks as follows: 

  A1 for approximately correct shape AND x-intercepts in approximately correct place 
(exactly two negative and one positive x-intercepts) 

  A1 for maximum in approximately correct position and labelled ( 2.70, 2.28)−  AND 
minimum in approximately correct position and labelled (0.899, 4.19)−   

  A1 for domain. 

    [5 marks] 
    continued… 
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Question 12 continued  

 

 (d) substituting 3−  and p OR 3−  and q into 
d
d
y
x

 (M1) 

  gradient of tangent at ( 3, )p−  is 4 p−  and at ( 3, )q−  is 4 q−   

  finding equation of tangents  (M1) 

  (4 )( 3)y p p x− = − +  AND (4 )( 3)y q q x− = − +  A1 

  solving their equations simultaneously (M1) 

  ( ) ( )( 3) 4 (4 ) ( 3)( )q p x p q x q p− = + − − − = + −  

  3 1x + =  (since p q≠ ) 

  2x = −  A1 

4y p p− = −  OR 4y q q− = −  

  4y =  A1 

  hence all tangents intersect at ( 2, 4)−  AG 

    [6 marks] 
    Total [21 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. 

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 

A GDC is required for this paper, but if you see work that suggests a candidate has used any 
calculator not approved for IB DP examinations (eg CAS enabled devices), 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) (0) 11f = −  A1 

(ii) 1.80650...−

( )(20) 1.81 11 20 51 22 5 51f = − = − = − A1 

[2 marks] 

(b) attempt to find at least one root (M1) 
1.72622...x =  and 17.5237...x =

1.73x =  and 17.5x = A1 

[2 marks] 
continued… 



– 8 – 8824 – 9701M 

Question 1 continued. 

(c) 

A1A1A1 

Note: Follow through from their part (a). 

Award A1 for endpoints at approximately ( )0, 11−  and ( )20, 1.8− . Allow for y-intercept 
12 10y− < < −  and for the right endpoint in the interval 20, 2 1x y= − < < − .

The following two A marks may only be awarded if the approximate shape is correct.

Award A1 for x-intercepts at approximately 1.7x =  and 17.5x = and award A1 for maximum 
at approximately ( )7.6,4.1 . Allow for x-intercepts in the intervals 1 2, 17 18x x< < < < , and 
maximum in the intervals 6.5 8.5x< < , 3.5 5y< < . 

[3 marks] 
Total [7 marks] 
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2. EITHER
attempt to form a product of binomial coefficient, a power of 2x and a power of 5−  seen (M1) 
9 6 3

3 (2 ) ( 5)C x −  OR 9 6 3
6 (2 ) ( 5)C x −  OR 6 384 (2 ) ( 5)x× − (A1)(A1) 

Note:  Award A1 for 9
6C or 9

3C or 84, A1 for 6 3(2 ) ( 5)x − . 

OR 
attempt to use the general term (M1) 

99 (2 ) ( 5)r
r

rC x − −  and 3r =  (A1)(A1) 

THEN 
672000−  (exact) A1 

Note:  Award A0 for a final answer of 6672000x− . 

[4 marks] 
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3. (a) recognition of sum of probabilities equals 1 (M1) 

3 5 8 11 1
20 20 20 20
k k k k
+ + + =  

0.740740k =  

200.741
27

k  = = 
 

A1 

[2 marks] 

(b) correct probabilities: 3 5 8 11, , ,
27 27 27 27

 OR 0.111,  0.185,  0.296,  0.407  (A1) 

substitution of their probabilities into formula for expected value (M1) 

3 5 8 113 5 8 11
27 27 27 27

× + × + × + ×   OR 219
20

k

8.11111...=  

219 73E( ) 8.11
27 9

X  = = = 
 

  (same 3sf from previous 3sf answer) A1 

[3 marks] 
Total [5 marks] 
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4. (a) METHOD 1
attempt to use right triangle trigonometry (M1) 

12ˆtan BAE
7

=  OR ( ) 7ˆtan 90 BAE
12

° − = (A1) 

59.7435...  

ˆBAE 59.7= ° A1 

Note:  Award (M1)(A1)A0 for the equivalent radian value of 1.04. 

METHOD 2 

attempt to find ˆBAE  using sine rule OR cosine rule (M1) 

2 2

ˆsin BAE sin 90
12 12 7+

=  OR 2 2 2 2 E1 ˆ7 193 2 7 12 7 co BA2 s= + − × × + × (A1) 

ˆBAE 59.7435...=  

ˆBAE=59.7° A1 

Note: Award (M1)(A1)A0 for the equivalent radian value of 1.04. 

[3 marks] 
(b) (i) METHOD 1

attempt to find DE using right angle trigonometry (M1) 

350sin 59.7435...
DE

° =  OR equivalent (A1) 

DE 405.196...=  

CE 405.196... 50= +  

455.196...=  

455=  (cm) A1 
METHOD 2 
Let DE EF x= =  

attempt to find DE using their ˆDEF  and the sine rule OR cosine rule (M1) 

( ) ( )
700 DE

sin 119.487... sin 30.2564...
=  OR 2 2 2700 2 700 cos30.2564...x x x= + − × × ×  (A1) 

DE 405.196...=  

CE 405.196... 50= +  

455.196...=  

455=  (cm) A1 

continued… 
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Question 4 continued. 

METHOD 3 
Let G be the midpoint of DF 

27E 6G 12 5350 204.16 ...
6

 
12

 × = =


= 


 (A1) 

use of Pythagoras’ with their EG to find DE (M1) 

( )2 2DE 3 .204 50  405.196..166 ....= + =  

CE 405.196... 50= +  

455.196...=  

455=  (cm) A1 

(ii) 30tan(59.7435... )
x

° =  OR 12 30
7 x
= (A1) 

17.5x =  

BA 455.196... 17.5= +  

472.696...=  

473= (cm)  A1 
[5 marks] 

Total [8 marks] 
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5. METHOD 1

recognition that 24 1x rx r− + −  must be greater than zero (seen anywhere) R1 

(discriminant = )  ( ) ( )2 24(4)( 1 616 1) rr r r− − = +− −   (seen anywhere) (A1) 

( )1.07179... 8 4 3= −  AND ( )14.9282... 8 4 3= +    (seen anywhere) (A1) 

recognition that discriminant of 24 1x rx r− + −  is less than zero (M1) 

1.07 14.9r< <   (8 4 3 8 4 3r− < < + ) A1 

Note:  Accept 1.08 14.9r≤ ≤ . 

METHOD 2 

recognition that 24 1x rx r− + −  must be greater than zero (seen anywhere) R1 

EITHER 

minimum when ( ) ( )
2

4 1 0
8 8 8
r r rx y r r   = ⇒ = − + − >   

   
(A1) 

attempt to solve their inequality for y (must be in terms of r and 2r ) (M1) 
OR 

2

1
141 xx r

x
⇒ >

−
<

−
OR

2

1
141 xx r

x
⇒ <

−
>

−
 (A1) 

attempt to find local minumum AND local maximum of 
2

1
14xr

x
=

−
− (M1) 

THEN 

( ) ( )1.07179... 8 4 3r > = −  AND ( ) ( )14.9282... 8 4 3r < = + (seen anywhere) (A1) 

1.07 14.9r< < ( )8 4 3 8 4 3r− < < + A1 

Note:  Accept 1.08 14.9r≤ ≤ . 

[5 marks] 



– 14 – 8824 – 9701M 

6. (a) ( )
2 8 2

0 2

4E  d  d
5 30 15
x x xX x x

 
= + − + 

 
∫ ∫ (A1)(A1) 

Note:  Award (A1) ( )
2

0

 d
5
x x∫ and (A1) for ( )

8 2

2

4  d
30 15
x x x

 
− + 
 
∫

2
5

= +  12
5

( )14 2.8
5

= = A1 

[3 marks] 

(b) attempt to use the expectation formula ( ) ( )E EaX b a X b+ = + (M1) 

( ) ( )( )E 2 2E 0c X c X− = − =

2E( )c X=

( )28 5.6
5

= = A1 

[2 marks] 

(c) recognition that median m   lies between 2 and 8 e.g. using a diagram or integral (M1) 
2

0 2

1 4 1d  d
5 30 15 2

m xx x + − + = 
 ∫ ∫  OR 

8 4 1 d
30 15 2m

x x − + = 
 ∫  OR 

2

4 1 d
30 15 10

m x x − + = 
 ∫ (A1) 

2.52277...m =  

2.52m =   A1 

[3 marks] 
Total [8 marks] 



– 15 – 8824 – 9701M 

7. (a)  total ways ( )12 12
3 33! 1320C P= = =  OR total ways together ( )3! 10 60= × =   (A1) 

attempt to consider the total ways of sitting – total ways of sitting together (M1) 
12

33! 3! 10C − ×  

1260= A1 

[3 marks] 

(b) METHOD 1
attempt to multiply ways of seating AVP by ways of sitting additional people (M1) 

AVP can sit in ( )3! 10 60× =  ways ( may be seen in part (a))

other 3 then have ( )9
39 8 7 P× × = ways to sit (A1) 

total ways 3! 10 9 8 7= × × × ×  

30240=  A1 

Note:  Award (M1)(A0)A0 for 9
33! 10 5040C× × = . 

METHOD 2 
attempt to consider ‘AVP’ as one item, so 4 ‘items’ in total (M1) 

( )10 10
4 43! 4! 3!C P× × = × (A1) 

30240= A1 

[3 marks] 
Total [6 marks] 



– 16 – 8824 – 9701M 

8. (a) METHOD 1
suppose iw x y= +  

*ww ( )( )i ix y x y= + − A1 

2 2x y= +  A1 

2w=  AG 

METHOD 2 

suppose iew r θ=  
*ww ( )( )i -ie er rθ θ=  A1 

2r=   A1 
2w=  AG 

METHOD 3 

suppose ( )cos i sinw r θ θ= +   

*ww ( )( ) ( )( )cos i sin cos i sinr rθ θ θ θ= + −  A1 

( )( )2 2 2 2cos sinr rθ θ= + =  A1 

2w= AG 

[2 marks] 
(b) EITHER

multiplying first equation by w OR multiplying LHS and RHS of both equations M1 

( )* 25 1 2iw w z w= −  OR ( ) ( )* 25 1 2i 10 10iw zw z= − +

( )( ) ( )( )25(2 5) 1 2i 10 10i 100 30 10iz z= − + ⇒ = − A1 

OR

attempt to eliminate * and w w  using * 20ww = M1 

( ) 21 2i 10 10i 20
5

z
z

−  +  =  
  

( )( )1 2i 10 10i
20

5
z

− +
=  A1 

continued… 
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Question 8 continued. 

THEN 

( )( )
10 10

1 2i 1 i 3 i
z  = = − + − 

(A1) 

3 iz = +   A1 

( )3,  1a b= =

[4 marks] 
Total [6 marks] 

9. (a) recognition that 2log 1c <  (M1) 

0.5 2,c< <  ( )1c ≠ A1A1 

Note: Award A1 for endpoints and A1 for strict inequalities. 

[3 marks] 

(b) attempt to find 1

1
uS

r∞ = −
(M1) 

( )2

5 5 12.0471...
1 log 1.5 1 0.58496

 = = = − − 

 (A1) 

attempt to solve their 0.1nS S∞ − <  (M1) 

( ) ( )( )
1

2
02

5 5 log 1.5 0.1
1 log 1.5

n r

r

−

=

− <
− ∑  OR 

( )
( )( )( )
( )

2

2 2

5 1 log 1.55 0.1
1 log 1.5 1 log 1.5

n
−

− <
− −

 

Note: Award (M1) for solving an equality.  Condone absence of absolute value 
signs. 

8.93574...n =  

9n =   A1 

[4 marks] 
Total [7 marks] 
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Section B 

10. (a) (i) 0.358a = (exact); 30.5b =  (exact answer is 30.52 ) A1A1 

Note: Award A1A0 if the values of a and b are interchanged or not labeled. 

(ii) a represents the (average) rate of increase (change) in population (0.358 millions
of people per year).  (or equivalent) R1 

[3 marks] 

(b) It is unreliable because 2030 is outside the range of data (extrapolation). A1 
[1 mark] 

(c) (i)  attempt to find (100)B (M1) 

55.1633… 
55.2 million OR 55,200,000  A1 

(ii) The annual growth rate of the population is 0.5%. A1 

Note: Description must include some reference to annual rate. 

[3 marks] 

(d) 54.6094…
54.6 million OR 54,600,000 A1 

[1 mark] 

(e) consideration of the difference function ( ) ( )C t tB−  or ( ) ( )B t tC−  or ( ) ( )C t tB− (M1) 

evidence of finding the maximum (or minimum) of this function. (M1) 
58.6283t = …

2058  (accept 2059 ) A1 

[3 marks] 
continued… 
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Question 10 continued. 

(f) (i) 0.242876…
(75) 0.243B′ =  A1 

(ii) 0.184941...

( ) 0.18575C′ = A1 

[2 marks] 

(g) (75) (75)B C′ ′>  (or equivalent in words) A1 

the population in Benoit’s model is increasing at a faster rate than in Cecilia’s model (in
2075)  (or equivalent) R1 

Note: Do not award A0R1. 

[2 marks] 
Total [15 marks] 
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11. (a) attempt to set equal to a parameter or rearrange cartesian form (M1) 

1 2 2
2
x xλ λ− + = ⇒ = − , 4 4y yλ λ+ = ⇒ = − +  , 3

3
z zλ λ= ⇒ =  OR 

2 4 0
2 1 3

x y z− + −
= =

−

correct direction vector , ,x y z or equivalent seen in vector form (A1) 

2 2
4 1

0 3
λ

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

r  A1 

Note: Award (M1)(A1)A0  if ‘’ =r ’’ is omitted. 

[3 marks] 

(b) METHOD 1
L  passes through )P 4(2 , ,2 3λ λ λ+− −  (A1) 

attempt to apply distance formula to find their OP
→

 or their 
2

OP
→

(M1) 

( ) ( ) ( )
2

2 2 2OP 2 2 4 3λ λ λ
→

= − + − + +  (A1) 

attempt to find their minimum value of OP
→

 or 
2

OP
→

 using GDC (M1) 

2

OP 15.4285.. 40.571428... . OP 15. 285 .OR ..λ
→ → 

  


= ⇒


= =

3.92792...

6 213.93
7

 
=  
 

 A1 

continued… 
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Question 11 continued. 

METHOD 2 
setting the scalar product of their line and their direction vector to zero (M1) 

2 2 2
4 . 1 0
3 3

λ
λ

λ

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

 

4 4 4 9 0λ λ λ− + − + + =

8 14 0λ− + =

( )4 0.571428...
7

λ = = (A1) 

attempt to substitute their value for λ  into their r  to find the position vector of the 
closest point and find r  (M1) 

6
72 2

4 244 1
7 7

0 3 12
7

 
 

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

  
 

r

2 2 26 24 12
7 7 7

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

r (A1) 

6 213.92792
7

= =

6 213.93
7

 
= =  

 
 A1 

continued… 
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Question 11 continued. 

METHOD 3  
Let P be a point on L 

attempt to find the cross product between OP
→

 and the direction, b , of L (M1)`

( ) ( ) ( )( )
2 2
4 1 12 0 0 6 2 8
0 3

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

i j + k

12 2
6 6 1
6 1

−     
    = − = −    

    −    

 (A1) 

attempt to find shortest distance using 
OP
→

×b

b
(M1) 

216
14

(A1) 

3.92792...

6 213.93
7

 
=  
 

 A1 

[5 marks] 

continued… 
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Question 11 continued. 

(c) METHOD 1

substitute their ,x y , z  into equation of plane ( )6 3 5 24x y z− + = M1 

( ) ( ) ( )6 2 2 3 4 5 3λ λ λ− − − + +   (A1) 

12 12 12 3 15λ λ λ= − + − +   A1 

24=
so the line is contained in the plane AG 

Note: For FT from an incorrect part a), award M1A0A0. 

METHOD 2 
consider the direction of the line and a point on the line M1 

2 6
1 . 3 12 3 15 0
3 5

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

 (so line is parallel to plane) A1 

6(2) 3( 4) 5(0) 12 12 24− − + = + =  (so line lies in the plane) A1 

so the line is contained in the plane AG 

Note: Both A marks are dependent on the M mark. 

Note: For FT from an incorrect part a), award M1A0A0. 

[3 marks] 

continued… 
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Question 11 continued. 

(d) METHOD 1

 recognition that the direction M is from the point 
4
1
2

 
 
 
 
 

 and a point on the z-axis 
0
0
z

 
 
 
 
 

 (M1) 

direction of M  is ( )
4
1

2 z

 
 ±  
 − 

 (A1) 

the direction of the normal of Π  is 
6
3

5

 
 − 
 
 

 (seen anywhere) (A1) 

attempt to use the scalar product with their normal and their direction vector and 
equate to 0   (M1) 

4 6
1 . 3 0

2 5z

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

24 3 10 5 0z− + − =

31
5

z =  (A1) 

21
5

4
1

p
q
r

  
   =   

   −   

 

attempt to express equation in the form 
4
1
2

p
q
r

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

s  (M1) 

21
5

4 4
1 1
2

µ
  
  = +   

   −   

s  OR 
4 20
1 5
2 21

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

s A1 

continued… 
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Question 11 continued. 

METHOD 2 

let the equation of M  be 
4

: 1
2

p
M q

r
µ

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

s  

Note: Consideration of the z-axis intersection and consideration of direction may 
be done in either order and marks should be awarded independently. 

recognition M  intersects the z -axis where 0x y= = (M1) 

4 0,1 0p qµ µ+ = + =  

4 1 4p q
p q
− −

= ⇒ = (A1) 

the direction of the normal of Π  is 
6
3

5

 
 − 
 
 

 (seen anywhere) (A1) 

attempt to use the scalar product with their normal and their direction vector and 
equate to 0   (M1) 

6
. 3 0

5

p
q
r

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

 6 3 5 0p q r− + =  

6(4 ) 3 5 0 21 5q q r q r− + = ⇒ = −

20
5
21

p
q
r

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

 (or any multiple of 
20
5
21

 
 
 
 − 

) (A1) 

attempt to express equation in the form 
4
1
2

p
q
r

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

s  (M1) 

21
5

4 4
1 1
2

µ
  
  = +   

   −   

s  OR 
4 20
1 5
2 21

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

s A1 

[7 marks] 
Total [18 marks] 
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12. (a) attempt to use quotient rule M1 

( )( ) ( )
( )

2

2

4 6 2 6 3d
d

x k x x xy
x x k

+ + − + −
=

+
A1A1 

Note: Award A1 for 
( )2

( )(4 6)x k x
x k

+ +
=

+
, A1 for 

( )
( )

2

2

2 6 3x x

x k

− + −

+
 OR 

2

2

2 6 3
( )
x x
x k

− − +
+

( )

2 2

2
4 4 6 6 2 6 3x kx x k x x

x k
+ + + − − +

=
+

 or equivalent leading to AG line A1 

( )

2

2
2 4 6 3x kx k

x k
+ + +

=
+

AG 

Note: Candidates may use product rule, give marks accordingly. 

[4 marks] 

(b) local min or max when d 0
d
y
x
= , when 22 4 6 3 0x kx k+ + + =  has real solutions. 

attempt to find the discriminant of numerator (M1) 

( ) ( )( )2 24 4 2 6 3 2 6 3 0k k k k− × + = − − < (A1) 

attempt to find the critical values of their quadratic equation or inequality (M1) 

3.43649...k = OR 0.436491...k = − OR 3 15
2

k ±
=

3 153.44
2

k
 +

> =  
 

 (since k is positive) A1 

Note: Accept 3.44k ≥ . 

 [4 marks] 

(c) 2x = − A1 

[1 mark] 

continued… 
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Question 12 continued. 

(d) METHOD 1
22 6 3 2 ...

2
x x x

x
+ −

= +
+

 (A1) 

attempts division on 
22 6 3

2
x x

x
+ −
+

M1 

22 6 3 2 32
2 2

x x xx
x x
+ − −

= +
+ +

2 2 ...x= + +   (A1) 

asymptote is 2 2y x= + A1 

METHOD 2 
let asymptote be y ax b= +

22 6 3
2 2

x x cax b
x x
+ −

= + +
+ +

M1 

( )( )22 6 3 2x x ax b x c+ − = + + +

equates coefficients of 2x and x : (M1) 

2a =   A1 

6 2a b= +  

2b =   A1 

( )2 2y x= +  

continued… 
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Question 12 continued. 

METHOD 3 
22 6 3 2 ...

2
x x x

x
+ −

= +
+

 A1 

22 6 3 2 32
2 2

x x xx
x x
+ − −

− =
+ +

attempt to find the limit as x →∞  M1 

2 3lim 2
2x

x
x→∞

−
=

+
A1 

2 2y x= +  A1 
[4 marks] 

continued… 
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Question 12 continued. 

(e) METHOD 1
EITHER

for 2k = , 
( )

2

2
d 2 8 15
d 2
y x x
x x

+ +
=

+
A1 

attempt to write  d
d
y
x

 in the form 
( )22

qp
x

+
+

OR to write d 2
d
y
x
− in the form

( )22
q

x +
M1 

OR 

72 2
2

y x
x

= + −
+

A1 

Note: Follow through from their part (d). 

attempt to find d
d
y
x

 in the form 
( )2

d
d 2
y qp
x x
= +

+
M1 

THEN 

( )2
d 72
d 2
y
x x
= +

+
 OR 

( )2
d 72
d 2
y
x x
− =

+
A1 

since 
( )2

7 0
2x

>
+

 for ,  2x x∈ ≠ − , d 2
d
y
x
> . R1 

Note: Award a maximum of A1M1A0R0 for a graphical approach which includes a 

horizontal asymptote at 2, showing that d 2
d
y
x
> .

continued… 
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Question 12 continued. 

METHOD 2 

for 2k = , 
( )

2

2
d 2 8 15
d 2
y x x
x x

+ +
=

+
A1 

clear assumption that 
( )

2

2
2 8 15 2

2
x x

x
+ +

≤
+

  M1 

( )( )222 8 15 2 2 15 8x x x+ + ≤ + ⇒ ≤ A1 

contradiction implies that d 2
d
y
x
> R1 

Note: Award A1M0A0R0 for solutions which work backwards from 

( )

2

2
2 8 15 2

2
x x

x
+ +

>
+

 to arrive at 15 8> . 

[4 marks] 
(f) 

curve C in approx correct place, with negative y-intercept and part of the curve in 4th 
quadrant  A1 

Note: The following A1 marks should be awarded independently provided there is 
an attempt to draw both branches of ( )y f x= . 

vertical asymptote in approx correct place  A1 
oblique asymptote in approx correct place A1 
approx correct asymptotic behaviour of C relative to both asymptotes A1 

[4 marks] 
Total [21 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.



 – 4 – 2224 – 7102M 

 

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.   
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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 1.5θ = , 
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. 

 
 
 
 

 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 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. 
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9 Calculators 
 

A GDC is required for this paper, but if you see work that suggests a candidate has used 
any calculator not approved for IB DP examinations (eg CAS enabled devices), 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”. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 – 8 – 2224 – 7102M 

 

Section A 

1. (a) recognition that a 15% loss leaves 85% OR finding 15% and subtracting from original (M1) 

  0.85 35000×  OR 35000 0.15 35000− ×  

  ( )$ 29750=  A1 

Note:  Accept ( )$ 29800 . 

    [2 marks] 

 

 

 (b) EITHER  

  929750 0.89×  (A1) 

 

  OR 

  
N 9
I% 11
PV 29750

=
= −
= 

  

    (A1) 

  THEN 

  value ( ) ( )$ 10423FV =  A1 

Note: For this A1 the answer must be rounded to the nearest dollar.  
Accept ( )$ 10441  from using 3 sf answer from part (a).  

    [2 marks] 

    continued… 
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Question 1 continued 

 (c) METHOD 1 

  attempt to solve the inequality (or equation) 129750 0.89 3500n−× <  OR table of values (M1) 

  19.3643...OR ( ) 3651.80...19n = ⇒  OR ( ) 3250.10...20n = ⇒   (A1) 

Note:  For candidates using ( )$ 29800 , 19.3787...n > , ( ) 3657.93...19n = ⇒ ,

( ) 3255.56...20n = ⇒ . 

  20n =  A1 

    [3 marks] 

 

  METHOD 2 

  use of the finance app with I% 11, PV 29750, FV 3500= − = = ±   

OR 29750 0.89 3500N× <  (condone the use of n or x) (M1) 

  ( )18.3643...N =  (A1) 

Note:  For candidates using ( )$ 29800 , 18.3787...N =  

  20n =  A1 

    [3 marks] 

    Total [7 marks] 
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2. (a) attempt to use trigonometry to find the radius of the cone OR Oliver’s distance from 
centre  ( )5r +  (M1) 

  18.2tan 58
5r

=
+

   OR  5 18.2
sin 32 sin 58
r +

=
 

 OR  ( )5 11.3726...r + =  (A1) 

  6.37262...r =  (m) 

  ( ) 6.37r =  (m) A1 

    [3 marks] 

 

 (b) attempt to substitute 20h =  and their radius into the correct volume of cone formula (M1)  

  ( ) ( )2π 6.37262... 20
3

V =  

  850.540= …  

  851= (m3) A1 

Note:  Accept 849.840… (850) obtained from using 6.37r = .  

    [2 marks] 

    Total [5 marks] 
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3. (a) recognition of 13X >  OR 1.5Z >  (could be seen in a diagram) (M1) 

  ( )( )P 13 0.0668072...X > =  

  0.0668=  A1 

    [2 marks] 

 (b) EITHER 

  equating an appropriate correct normal CDF function to 0.1 or 0.9 (M1) 

  ( )P 10 2 0.1X k> + =  OR ( )P 0.9Z k< =  OR ( )P 10 2 0.1X k< − =  OR ( )P 0.1Z k− =<  

  OR 

  recognising need to use inverse normal with 0.1 or 0.9 (M1) 

  THEN 

  1.28155...  

  1.28k =  A1 

    [2 marks] 

    Total [4 marks] 
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4. (a) recognition that velocity is zero (M1) 

  ( )2sin 0.5 0.3 2 0v t t= + − =   

  1.68694t = …  

  1.69t =  A1 

    [2 marks] 

 

 (b) recognition that 0v >   (M1) 

  1.68694... 6.11857...t< <  

  1.69 6.12t< <  A1 

    [2 marks] 

 

 

 (c) attempt to substitute into the total displacement formula (condone missing or incorrect 
limits, and absence of dt ) (M1) 

  ( )( )10

0
2sin 0.5 0.3 2 dt t t+ −∫   OR  

10

0
( )dv t t∫  

  2.13464... = −  

  2.13= − (m) A1 

Note:  Award (M1)A0 if 2.13 −  is followed by 2.13 . 

    [2 marks] 

    Total [6 marks] 
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5. (a) 0.901017r = … 

  0.901r =  A2 

    [2 marks] 

 

 (b) Student 11 Test B:  should not extrapolate R1 

    [1 mark] 

 

 (c) (i) Student 12 Test A:  should not use line of y  on x  to predict x  from y  (or 
equivalent) R1 

 
  (ii) attempt to find the equation of the regression line of x  on y  (M1) 

   ( ) ( )0.987124 3.21970 ( ) 0.987 3.22x y x y= … − … = −  A1 

   ( ) ( ) ( )0.987124 90 3.21970 85.6214...x = … − … =  A1 

   86=  to nearest integer. AG 

Note:  Condone notation for x  and y  switched if values are correct.  

    [4 marks] 

    Total [7 marks] 
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6. let X  be the number of days of rain in May 

 

 (a) recognition of binomial distribution (M1) 

  ( )~ B 31,0.2X  or ( )1031 21
10 0.2 (0.8)C  or ( )~ B ,X n p  or (1 )n r n r

rC p p −−  

  ( )P 0.0 110 4 8894X = …=  

  0.0419=  A1 

Note: If no working shown, award (M1)A0 for 0.042 (2 sf) 

 

    [2 marks] 

 

 

 (b) recognition of need to find ( ) ( )( )P 10 1 P 9X X≥ = − ≤     (M1) 

  ( )0.0745998 . 1 0.925400= … = − …  

  0.0746=  A1 

Note: If no working shown, award (M1)A0 for 0.075 (2 sf) 

 

    [2 marks] 

 

 (c) recognition of 9 days with no rain followed by a day of rain (M1) 

  90.8 0.2 0.0268435× = …  

  0.0268=  A1 

Note: If no working shown, award (M1)A0 for 0.027 (2 sf) 

 

    [2 marks] 

    Total [6 marks] 
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7. d
d
y y x
x
− =  

 recognition that an integrating factor is required (M1) 

 ( ) ( )1e eP x dx dx∫ ∫ −=   

 e x−=    (A1) 

 de e e
d

x x xy y x
x

− − −− =  

 ( )e e dx xy x x− −= ∫  A1 

 attempt to integrate right hand side using integration by parts (M1) 

 ( )e e e dx x xy x x− − −= − + ∫  

  e ex xx c− −= − − +  A1 

 1 exy x c= − − +  

 substitute initial values 2y =  and 0x = into an integrated expression involving c  (M1) 

  2 1 3c c= − + ⇒ =  

 3e 1xy x= − −  A1 

    [7 marks] 
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8. (a) ( )2 2

0
d 2 d 1

k k

k
kx x kx x x+ − =∫ ∫  A1 

  
22 3

2

0

1
2 3

k k

k

kx xkx
   

+ − =   
   

  

  
3 3 3

3 384 1
2 3 3
k k kk k

   
+ − − − =   
   

 A1 

  37 6k =  AG 

    [2 marks] 

 

 

 (b) recognition that the median m  is the value such that ( )
0

d 0.5
m

f x x =∫  or 

( )
2

d 0.5
k

m
f x x =∫   (M1) 

  ( 3
60.949914
7

k
 

= … =  
 

 so) 
0

3d 0.428571
7

k
kx x  = … = 

 ∫  seen anywhere (A1) 

Note: This A1 is independent of M1. 
 

  EITHER 

( m k>  so) ( )2

0
d 2 d 0.5

k

k

m
kx x kx x x+ − =∫ ∫  OR  ( )2 12 d 0.0714285

14
m

k
kx x x  − = … = 

 ∫     (A1) 

  
3

2 0.0714285
3

m

k

xkx
 

− = … 
 

 

  1.02925m = … 

    continued… 
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Question 8 continued 

  OR  

  ( m k>  so) ( )2 22 d 0.5
k

m
kx x x− =∫  (A1) 

  
23

2 0.5
3

k

m

xkx
 

− = 
 

 

  1.02925m = … 

  THEN 

  1.03m =  A1 

Note:  The correct 3sf answer can be found by solving 
0

d 0.5
m
kx x =∫  .  This method is not valid since 

m k> .  In this case award M1A0M0A0. 

 

    [4 marks] 

    Total [6 marks] 
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9. (a) METHOD 1 

  the number of ways Alvin and Bobby can be seated is ( )2 8 16× =  (A1) 

  the number of ways the other children can be seated is ( )8! 40320=  (A1) 

Note:  These A1 marks may be awarded independently. 

  total number of ways is ( )16 8! 645120× =  A1 

Note:  Accept 16 8!×  and 645000 . 

 

  METHOD 2 

  the number of ways children can be seated in a row of 10 seats is ( )2 9! 725760× =  (A1) 

the number of ways the children can be seated with Alvin and Bobby in seats 5 and 6  
is ( )2 8! 80640× =  (A1) 

Note:  These A1 marks may be awarded independently. 

  total number of ways is ( )2 9! 2 8! 645120× − × =  A1 

Note:  Accept 16 8!×  and 645000 . 

    [3 marks] 

 

 (b) METHOD 1 

attempt to find number of ways that A and B are seated next to each other AND C and 
D are seated next to each other and subtract from part a) (M1) 

 

  Case 1:  A and B are sat at the end of a row (8 ways) 

6(2) 12=  ways to seat C and D together 

( )12 6! 8640× = ways (A1) 

  the total number of ways is ( )8 12 6! 69120× × =  

    continued… 

  

 

 

 

 

 

 



 – 19 – 2224 – 7102M 

 

Question 9 continued 

 

  Case 2:  A and B are not sat at the end of a row (8 ways) 

  5(2) 10= ways to seat C and D together  

  10 6! 7200× = ways (A1) 

  the total number of ways is ( )8 10 6! 57600× × =  

  total number of ways is ( )645120 69120 57600− +  

  518400=  A1 

Note:  Accept 518000or 518280 (from use of 645000 ).  

    

  METHOD 2 

  attempt to split into cases based on position of A and B and adding all possibilities (M1) 

 

  Case 1:  A and B are sat at the end of a row (8 ways) 

  the number of ways C and D can be seated: 

  with at least one in the same row as A and B 2(1 15) 32+ =   

  with both in a different row to A and B 2(6) 12=   

  the number of ways C and D can be seated is ( )44 6! 31680× =   (A1) 

  the total number of ways is 8 31680 253440× =  

 

  Case 2:  A and B are not sat at the end of a row (8 ways) 

  the number of ways C and D can be seated: 

  with at least one in the same row as A and B 2(2 15) 34+ =   

  with both in a different row to A and B 2(6) 12=   

  the number of ways C and D can be seated is ( )46 6! 33120× =  (A1) 

  the total number of ways is 8 33120 264960× =  

  total number of ways is 253440 264960+  

  518400=  A1 

Note:  Accept 518000 . 

    [4 marks] 

    Total [7 marks] 
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Section B 

10. (a) EITHER 

  attempt to find value of t  for the first low tide OR the first high tide (M1) 

  11.2619    5.13801…− …   

  6.12396= … (A1) 

  OR 

  attempt to find half of the period  (M1) 

  1 2π
2 0.513
×   

  6.12396= … (A1) 

  THEN 

  ( )6.12396 6 6 .7.4370 73..m = …− × =  

  7m =  A1 

    [3 marks] 

 

 (b) attempt to solve ( ) 1H t =  (M1) 

3.56919  OR 6.70684  O 415.8171R  OR 18.95 7… … … …  

  ( )6.70684 3.56919 3.13764...…− …=  

  3.14=  (hours) A1 

    [2 marks] 

 

 (c) recognition that ( )' 13H  is required (M1) 

  0.650622= − …  

  0.651= −  (m/h) A1 

    [2 marks] 

    continued… 

  



 – 21 – 2224 – 7102M 

 

Question 10 continued 

 (d) 

 Note:  In part (d), award the marks for a, b, c and d independent of each other. 

 

  METHOD 1 

  1.17a =  A1 

  1.57d =  A1 

  attempt to find time between low and high tide in hours (M1) 

  6 hours and 21 minutes = 6.35 hours  

  (period =) 12.7 (A1) 

  2π 0.494739
12.7

b = = …  

  60π0.495 
381

b  = = 
 

 A1 

  attempt to find mean of low and high tide times OR substitute values of a known 
point  (M1) 

  1 41 22 9
2 60 60

c  = + 
 

 OR eg ( )( )0.40 1.17sin 0.495 2.68333... 1.57c= − +  

  5.85833...c =  

  5.86c =  A1 

Note:  Award (M1)A1 for 18.6c = . 
Award (M1)A0 for 6.84c = − .  

    [7 marks] 

    continued… 
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Question 10 continued 

  METHOD 2 

  1.17a =  A1 

  1.57d =  A1 

  substituting at least one point into  (M1) 

  
411.17sin 2 1.57 0.4
60

b c  − + =    
 OR 

21.17sin 9 1.57 2.74
60

b c  − + =    
  

  ( )41 π2 1.57
60 2

b c − = − = − 
 

 AND ( )2 π9 1.57
60 2

b c − = = 
 

 (A1) 

Note: accept any angles of the form π π
2

c k− +  and π π
2

c k+ . 

  EITHER 

  use of graph or table to find their intersection   (M1) 

 

  OR  

  attempt to solve their equations simultaneously (M1) 

  

412
60 129
60

c

c

−
= −

−
 

 

  THEN 

  5.85833...c =  

  5.86c =  A1 

  0.494739...b =  

  0.495b =  A1 

    [7 marks] 

   

 (e) attempt to find point of intersection of two graphs (M1) 

  4.16292T = … OR 4.16417T = …( using 3 sf)  

  4.16T =  A1 

    [2 marks] 

    Total [16 marks] 
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11. (a) attempt to use implicit differentiation M1 

  d d1 e 2 2
d d

x yy yx y
x x

+ + = + 
 

 A1A1 

Note:  Award A1 for LHS and A1 for RHS.  

  attempt to expand brackets and collect d
d
y
x

terms on the same side M1 

  d de 2 2 e
d d

x y x yy yy x
x x

+ +− = −  OR d de 2 e 2
d d

x y x yy yy x
x x

+ +− + =  OR ( ) de 2 2 e
d

x y x yyy x
x

+ +− = −  A1 

  d 2 e
d e 2

x y

x y
y x
x y

+

+

−
=

−
 AG 

    [5 marks] 

 

 

 (b) (i) recognition that 2 e 0x yx +− =  at P and Q (M1) 

   ( )ln 2x y x⇒ + =  A1 

   recognition that 2 2ex y x y+ = +  at P and Q  (M1) 

   ( )( )222 ln 2x x x x⇒ = + −  or equivalent A1 

   ( )( ) ( )222 ln 2 2 ln 2 2 0x x x x x+ − − =  AG 

    continued… 
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Question 11 continued 

  (ii) 0.331077x = …  or 1.84273…   

   0.331x =  or 1.84    A1A1 

   attempt to use ( )ln 2x y x+ =  OR 2 2ex y x y+ = +  to find y -coordinates (M1) 

   0.743332y = − …, 0.538335...y = −    

   coordinates ( )0.331,  0.743−  and (1.84,  0.538− )  A1A1 

Note: If no working shown, award A1A1(M1)A0A0 for ( )0.33,  0.74−  and ( )1.8,  0.54−  (2 sf) 

    [9 marks] 

 (c) coordinates ( )0.743, 0.331−  and ( 0.538,1  .84− ) A1 

Note: Do not award FT from (b) if only one coordinate pair is given. 

    [1 mark] 

 

 (d) setting 2 e 1
e 2

x y

x y
x

y

+

+

−
= −

−
 OR recognition that the point lies on line of symmetry (M1) 

  2 e 2 ex y x yx y+ +− = −  

  y x=  (A1) 

  attempt to substitute y x=  into 2 2ex y x y+ = +  (M1) 

  2 2e 2x x=  OR 2 2e 2y y=  

  0.451x = − , 0.451y = −    A1 

  coordinates ( )0.451,  0.451− −  

Note: If no working shown, award M1A1(M1)A0 for 0.45x = − , 0.45y = −   (2 sf) 

 

    [4 marks] 

    Total [19 marks] 
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12. (a) Let θ  be the angle between u  and v .  

  ( )2 2⋅ + ×u v u v  

  ( ) ( )2 2
cos sinθ θ= +u v u v  OR 

2 2 2 22 2cos sinθ θ+ vu v u  (A1) 

  ( )2 2 2 2cos sinθ θ= +u v  A1 

  
2 2= u v  AG 

    [2 marks] 

 

 (b) (i) ( )2 6 4.89897... 4.90× = = =u v  A1 

 

  (ii) 
3
1
1

 
 =  
 − 

v  (A1) 

   ( )22 23 1 1= + + −v ( )11 3.31662  = = …  (A1) 

   substitution of values , ⋅ ×u v u v  and v  into ( )2 2 2 2 ⋅ + × =u v u v u v  M1 

   ( )2 223 2 6  + = u  
2

11   

   ( )3 1.73205... 1.73= = =u  A1 

    continued… 
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Question 12 continued 

  (iii) 1
1

p
q
 
 = − 
 
 

u  (A1) 

   attempt to use 3⋅ =u v  (M1) 

   
3

1 1 3
1 1

p
q
   
   − ⋅ =   
   −   

 

   ( )3 5 5 3p q q p+ = ⇒ = −  A1 

   attempt to use 3=u   (M1) 

   ( ) ( )222 2 2 21 1 3 2 1 1 3p q p q q+ − + = ⇒ + − + + =  

Note:  Award M1 for use of ( ) ( ) ( )( )22 2 22 3 3 3 2 6pq p q+ + + − += =×vu  .  

attempt to form quadratic in one variable, p or q (M1) 

( )22 4 3 2p p+ − =  OR ( )22 5 3 2 1p p p+ − − =  OR 210 24 14 0p p− + =  OR 

( )
2

25 1 2
3

q q−  + − = 
 

 OR 
2

25 2 1
3

q q q−  + − = 
 

 OR 210 28 16 0q q− + =  (A1) 

   1p =  or 71.4
5

p  = = 
 

 A1 

   2q =  or 40.8
5

q  = = 
 

 A1 

Note:  Award final A1 marks for correct values, even if the p  values and q  values 
are not explicitly paired. 

    [13 marks] 

    continued… 
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Question 12 continued 

 (c) METHOD 1 

  attempt to express 
x
y
z

 
 =  
 
 

w  in terms of one variable (M1) 

  3 0, 0x y z x y z⋅ = + − = ⋅ = + + =v w u w

  2y x= −  and z x=  OR 1
2

x z y= = −   OR  x z=  and 2y z= −   (A1) 

  attempt to use area of a triangle =  base   height
2
×  

2
=

w v
 (M1) 

  
2 2 2 11 5

2
x y z+ +

=   

  2 1006
11

x =  or 
23 100

2 11
y

=  or 2 1006
11

z =  

  
5 661.2309

33
x

 
= ± … = ±  

 
 OR 

10 662.4618
33

y
 

= …  
 

   OR  

  
5 661.2309

33
z

 
= ± … = ±  

 
  A1 

  
1.23091
2.46182

1.23091

… 
 = ± − … 
 … 

w   

  
1.23
2.46

1.23

 
 = ± − 
 
 

w  or 
2

4
2

5
66

− 
 = ±  
 − 

w  A1 

Note: If no working shown, award M1A1(M1)A1A0 for 
1.2
2.5

1.2

 
 = ± − 
 
 

w    (2 sf) 

 

    continued… 
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Question 12 continued 

  METHOD 2 

  attempt to write ×u v  as a multiple of w  or recognizing that w  is normal to u and v  (M1) 

  
2 2

4 4
2 2

λ
λ λ

λ

 − −   
    = =    

    − −   

× =



u vw  (A1) 

  attempt to use area of a triangle =  
base   height

2
×

 OR area = 
1
2

×v w  (M1) 

  
( ) ( ) ( )2 2 22 4 2 11

5
2

λ λ λ− + + −
=  OR 5

1
1

7
4

2
λ
 
 = = 
 
 

×v w  

  ( ) ( ) ( )2 2 2 1002 4 2
11

λ λ λ− + + − =  OR ( ) ( )2 22 4 7 25λ λ λ+ + =  

  2 10024
11

λ =  OR 266 25λ =  

  
5 660.61545

66
λ

 
= ± … = ±  

 
 A1 

  
1.23091
2.46182

1.23091

… 
 = ± − … 
 … 

w   

  
1.23
2.46

1.23

 
 = ± − 
 
 

w  or 
2

4
2

5
66

− 
 = ±  
 − 

w  A1 

Note: If no working shown, award M1A1(M1)A1A0 for 
1.2
2.5

1.2

 
 = ± − 
 
 

w    (2 sf) 

 

    continued… 
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Question 12 continued 

  METHOD 3 

  recognising 51
1

3
2

5
1

 
× = × =  

 

u
w

v
u   (M1) 

  since w is perpendicular to both u and v, w is a mulitple of their normal  
2

4
2

λ
− 
 ⇒ =  
 − 

w  (A1) 

  attempt to find ×u w  (M1) 

  
1 2 6
1 4 0
1 2 6

λ λ
− −     

     × = × =     
     −     

u w  

  72λ× =u w  

  ( )1 10 0.615457...
2

35
2 64

72
11

λ λ= ⇒ ==  A1 

  
1.23091
2.46182

1.23091

… 
 = ± − … 
 … 

w   

  
1.23
2.46

1.23

 
 = ± − 
 
 

w  or 
2

4
2

5
66

− 
 = ±  
 − 

w  A1 

Note: If no working shown, award M1A1(M1)A1A0 for 
1.2
2.5

1.2

 
 = ± − 
 
 

w    (2 sf) 

    [5 marks] 

    Total [20 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 

A GDC is required for this paper, but if you see work that suggests a candidate has used any 
calculator not approved for IB DP examinations (eg CAS enabled devices), 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 an intersection point (M1) 

0.916562...a = −  or 0b =  

0.917a = − , 0b =  A1A1 

[3 marks] 

(b) let A  be the area of the region

EITHER

attempts to form the required  integral involving subtraction (in any order). Accept
absence of limits or incorrect limits. Accept absence of dx. (M1) 

OR

shows a graph with the required area shaded (M1) 

THEN

( ) ( )
0

2 2

0.916562...

( ) ( ) d 1 e d
b

x

a

A f x g x x x x
−

 
= − = − − 
 
∫ ∫  (or equivalent) (A1) 

0.239855...A =  

0.240A =  A1 

[3 marks] 

Total [6 marks] 
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2. (a) EITHER

2.1875 7 0.6875y = × + A1 

OR 

15.3125 0.6875y = +  A1 

THEN 

16y = AG 

[1 mark] 

(b) attempts to use 16
y

n
= ∑  to form a linear equation in p  and q (M1) 

( )9 13 2116  80 43 37
5
p q p q p q+ + + +

= = + + ⇒ + = (A1) 

attempts to solve two linear equations simultaneously for p  and q  (one of which is 
3q p= + )   (M1) 

9 13 3 2116  
5

p p+ + + + +
= ( )80 2 46p= +

17p =  and 20q =  A1 

[4 marks] 

Total [5 marks] 
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3. (a) 6 12 10
500000

I −  = × = 
 

 (units) A1 

[1 mark] 

(b) substitutes their doubled -I value from part (a) into L (M1) 

( ) ( )6 12
1010log 2 10 10  63.0102...L −= × × =

63.0=  (decibels) A1 

Note:  Accept 1060 10log 2+  (decibels) as a final answer. 

  Do not award the final A1 for 0L =  (from 1210I −= ). 

[2 marks] 

(c) ( )12
10115 10log 10I= × (A1) 

attempts to solve for I (M1) 

11.5

12
10
10

I = (or equivalent) ( ) 0.316227...=

0.316I =  (units) A1 

Note:  Accept exact final answers such as 0.510−  and 1
10

. 

[3 marks] 

Total [6 marks] 
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4. (a) 0.996114...v = −

0.996v = −  (ms-1) A1 

[1 mark] 

(b) 

considers ( ) 0v t′ = (M1) 

0.405833...t =  

max 1.18230...v =  

max 1.18v =  (ms-1) A1 

[2 marks] 

(c) recognizes that the particle changes direction when 0v = (M1) 

Note:  Award (M1) for 1.65840...t =  seen. 

finds acceleration for their value of t for which ( ) 0v t = (M1) 

( )' 1.65840...v

2.53487...a = −  

2.53a = −  (ms-2) A1 

[3 marks] 

Total [6 marks] 
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5. 

METHOD 1 

correct inequality or equation involving ( )P 0X = (A1) 

( )1 P 0 0.99X− = >  OR ( )P 0 0.01X = <  OR ( )1 P 0 0.99X− = = OR ( )P 0 0.01X = =

attempts to solve their inequality (equality) involving 0.75n  for n  (M1) 

1 0.75 0.99n− > OR 0.75 0.01n <  OR 0.75 0.01n =  OR 1 0.75 0.99n− =

Note:  Valid solving attempts include graphical, use of logarithms, tabular or trial 
and error. 

EITHER 

16.0078...n >   OR 16.0078...n =  (A2) 

the least value of n  is 17  A1 

OR 

( ) ( )P 0 0.010022... 0.01X = = >  (corresponding to 16n = ) (A1) 

( ) ( )P 0 0.0075169... 0.01X = = < (A1) 

corresponding to 17n =  (which is the least value of n ) A1 

continued… 



– 12 – 2224 –7107M 

Question 5 continued. 

METHOD 2 (TABLE ONLY APPROACH) 

attempts to use binomial cdf to calculate a correct value of ( )P 1X ≥  for one value of n  (M1)

calculates correct values of ( )P 1X ≥  for at least one value of n (A1) 

( ) ( )P 1 0.989977... 0.99X ≥ = <  (corresponding to 16n = ) (A1) 

( ) ( )P 1 0.992483... 0.99X ≥ = > (A1) 

corresponding to 17n =  (which is the least value of n ) A1 

[5 marks] 
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6. attempts to solve ( ) 34 π 20
3

V r= =  for r (M1) 

1
3151.68389...

π
r

 
  = =    

 
 (seen anywhere) A1 

attempts to use the chain rule (M1) 

d d d
d d d
V V r
t r t
= ×  OR d d d

d d d
r r V
t V t
= × (or equivalent) 

EITHER 

( )
2
322d d d 15 d4π  4π 1.68389...  4π

d d d π d
V r r rr
t t t t

 
    = = =       

 
A1 

OR 

( )2 22
3

d 1 d 1 d 1 d=
d 4π d d d4π 1.68389... 154π

π

r V V V
t r t t t

 
 

  = =   
   

    

 A1 

THEN 

attempts to find d
d
r
t

 when d 5
d
V
t
= (M1) 

d 0.140324...
d
r
t
=

2
3d 5 π0.140

d 4π 15
r
t

 
  = =    

 
 (cm s-1) (accept 0.14) A1 

[6 marks] 
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7. attempts to express x  (or 2x ) in terms of y (M1) 

Note:  Only award (M1) if base e  is applied to both sides. 

2
24 4 2 4e 2 e 2 e 4e 4

y y y y

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

(A1) 

let V  be the volume of the solid formed 

forms a definite integral of the form 2π d
d

c

x y∫  with their expression for 2x  in terms of y (M1) 

24 4
4 2 4

0 0

π e 2 d  π e 4e 4 d
y y y

V y y
    

= + = + +         
∫ ∫ (A1) 

176.779...=  

( )( )2177 2π e 8e 1= = + −  (cubic units) A1 

[5 marks] 
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8. (a)    METHOD 1

(i) ( )sin 2 sin 2arg arctan  tan arg
1 cos2 1 cos2

z zθ θ
θ θ

   = =   + +   
 A1 

uses 2sin cosθ θ  in the numerator and any double angle identity for cos2θ  in 
the denominator M1 

( )2 2
2sin cos 2sin cosarg arctan  tan arg

2cos 2cos
z zθ θ θ θ

θ θ
   = =   
   

 

( ) π πarg arctan tan  
2 2

z θ θ ⇒ = − < < 
 

 A1 

θ=  AG 

[3 marks] 

(ii) attempts to express z  in the form ( ) ( )2 2Re Imz z+ (M1) 

( )2 21 cos2 sin 2z θ θ= + +  

attempts to expand ( )21 cos2θ+  and then uses 

2 2cos 2 sin 2 1θ θ+ =  in an attempt to simplify (M1) 

2 2cos2z θ= +  A1 

( )24cos  2 cosz θ θ= =  A1 

π π2cos  
2 2

θ θ = − < < 
 

 AG 

[4 marks] 

METHOD 2 (i) and (ii) 

21 2cos 1 2sin cos iz θ θ θ= + − +    M1A1A1 
     22cos 2sin cos iz θ θ θ= +   A1 

attempt to form z r cisθ=   M1 
2cos (cos i sin )z θ θ θ= +   A1A1 

2cos and arg .z zθ θ∴ = =      AG 

 continued… 
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Question 8 continued. 

(b) ( )32 2cosθ θ=  (A1) 

attempts to solve for θ (M1) 

0.913236...θ =

0.913θ = A1 

Note:  Award all marks for 0.913θ =  found directly without using part (a). 

Note:  Award (A1)(M1)A0 for 3.97θ =  . 

[3 marks] 

Total [10 marks] 
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9. recognizes that 21 0x ax bx c= ⇒ + + = (M1) 

0a b c+ + =  (seen anywhere) A1 

passes through ( )2,1  so:

( )2 41  4 2 2
4 2

a b c
a b c

−
= + + = −

+ +
 (seen anywhere) A1 

local minimum point at ( )2,1  so:

attempts to find d
d
y
x

 using quotient or product rule M1 

( ) ( )( )
( )

2

22

4 2d
d

ax bx c x ax by
x ax bx c

+ + − − +
=

+ +

substitutes 2x =  into the numerator of their ( )d 0
d
y
x
= (M1) 

( ) ( )( ) ( ) ( )( )
( )2

4 2 2 4 4
4 2 2 4 4 0 0

4 2
a b c a b

a b c a b
a b c

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

A1 

( )12 4 0a b c+ + =

Note:  An incorrect numerator may lead to a correct equation. 
In this instance, award A0 here and do not award the final A mark. 

attempts to solve their 3 linear equations in ,a b  and c (M1) 

3, 11a b= = −  and 8c =  A1 

Note:  Three linear equations and a value for each of ,a b  and c  need to be 
seen to gain the last M mark. 

Note: The last M mark is dependent on an equation formed from the numerator of d
d
y
x

. 

[8 marks] 
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SECTION B 

10. (a) recognizes that the mode is a value of x  at which f  has a maximum value (M1) 

a clearly labelled graph of f  OR states ( ) 0f x′ =  OR considers the axis of
symmetry 

mode is 1.5  (kg) A1 

Note:  Award M1A0 for ( )1.5,0.441  or 0.441  stated as the final answer.

[2 marks] 

(b) attempts to find ( )
2

1

df x x∫ (M1) 

0.435294...=  

370.435 
85

 = = 
 

A1 

[2 marks] 

continued… 
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Question 10 continued. 

(c) METHOD 1

recognizes that ( )
0.5

d 0.5
m

f x x =∫  (M1) 

1.68701...m =  

1.69m =  (kg) A2 

METHOD 2 

recognizes that ( )
0.5

d 0.5
m

f x x =∫  (M1) 

2 36 3 1 6 3 14 2 0.5
85 2 3 85 8 24

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

A1 

1.68701...m =  

1.69m =  (kg) A1 

[3 marks] 

(d) 0.5 2x≤ ≤  (can be seen in a definite integral) (A1) 

attempts to evaluate their definite integral (M1) 

( )
2

0.5

d 0.635294...f x x =∫

0.635=  A1 

[3 marks] 

continued… 
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Question 10 continued. 

(e) an attempt at forming an expected value integral
2

1

( )
x

x

x f x dx∫ (M1) 

( ) ( )
0.75

0.5

d  0.060592...x f x x =∫  OR ( ) ( )
0.75

0.5

25 d  1.51482...x f x x =∫  (A1)  

( ) ( )
3

0.75

d  1.64345...x f x x =∫  OR ( ) ( )
3

0.75

24 d  39.4428...x f x x =∫  (A1) 

sums their two definite integrals (M1) 

(expected amount spent per customer is) ( ) ( )
0.75 3

0.5 0.75

25 d 24 dx f x x x f x x= +∫ ∫

40.9576...=  

(expected amount spent per customer is) $40.96  A1 

[5 marks] 

Total [15 marks] 
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11. (a) METHOD 1

let M  be the midpoint of [ ]AB  and so AB 2AM=

attempts to use Pythagoras’ theorem to find 2AM  OR AM (M1) 

( )2 2 2AM 20 14  204= − =  OR ( )2 2AM 20 14  14.2828... 204 2 51= − = = =

recognizes that AB 2AM= (A1) 

( ) ( )AB 2 14.2828... 28.5657...  2 204 4 51= × = = = A1 

AB 28.5657...=  

AB 28.57=  (m) AG 

METHOD 2 

let M  be the midpoint of [ ]AB  and so AB 2AM=

let ˆASMθ =

1 140.795398... cos
20

θ − = = 
 

(A1) 

attempts to use a valid trigonometric ratio M1 

EITHER 

( ) 1 14AM 14tan 0.795398...  14.2828... 14 tan cos
20

−  = = =     
A1 

OR 

( ) 1 14AM 20sin 0.795398...  14.2828... 20sin cos
20

−  = = =     
 A1 

THEN 

AB 28.5657...=  

AB 28.57=  (m) AG 

[3 marks] 

continued… 
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Question 11 continued. 

(b) EITHER

the sprinkler rotates through (an angle of) 2π  (radians) every 16  seconds and

hence rotates through 2π
16

 (radians) in 1 second A1 

OR 

2π 2π π16  
16 8

n
n

   = ⇒ = =   
   

 A1 

THEN 

sprinkler rotates through an angle of π
8

 radians in one second AG 

[1 mark] 

continued… 
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Question 11 continued. 

(c) 

Note: For candidates that used Method 2 in part (a) apply full FT from their value of  θ . 

attempts to find 2θ  where ˆASMθ = (M1) 

( ) 1 142 0.795398...  1.59079... 2cos
20

− = = 
 

 

uses 
t
θ  (rad/s) or similar to form an equation involving T (M1) 

1 142cos2π 1.59079... 2π 20  
16 16T T

− 
 

= = 
 
 

(A1) 

4.05093...T =  

1 142cos1.59079... 20 2π 2π
16 16

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

4.05T =  (s) A1 

[4 marks] 

continued… 
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Question 11 continued. 

(d) π
8
tα = A1 

[1 mark] 

(e) applies sine rule in ASD∆ A1 

20
ˆsin sin ADS

d
α
=

attempts to find ˆADS  in terms of α M1 

( )( ) ( )ˆADS π  π 0.7754 2.366...  2.37β α α α α= − − = − − = − = −  

( ) ( )
20sin 20sin 

sin 2.366... sin 2.37
d α α

α α
 

= =  − − 
 (accept 

( )
20sin

sin π
d α

β α
=

− −
) A1 

π20sin
8

πsin 2.37
8

t

d
t

 
 
 =

 − 
 

AG 

[3 marks] 

(f) 18  (m) A1 

[1 mark] 

continued… 
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Question 11 continued. 

(g) (i) 2

π20sin
80.05 1.1 18

πsin 2.37
8

t

w t t
t

 
 
 = + + −

 − 
 

A1 

(ii) attempts to solve 0w =  for t (M1) 

( )3.34880... 12.7765...t =

3.35t =  (s) A1 

22.2444...

22.2  (m) (south of A ) A1 

[4 marks] 

Total [17 marks] 
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12. (a) attempts to use Euler’s method (M1) 

1
π

12n nx x+ = + ; 1
π d

12 dn n
yy y
x+ = + ×  where d cosec2 tan

d
y y x x
x
= +

1
π π π1.25281... 1
4 12 4

y   = = + +    
 (A1) 

2 1.97608...y =

1.98y =  A1 

 [3 marks] 

(b) attempts chain rule differentiation with multiplication of two derivatives (M1) 

2dcot cosec
d
uu x x
x

= ⇒ = −  and 1 d 1ln
2 d 2

yy u
u u

= ⇒ =  OR 

2
cos d 1
sin d sin

x uu
x x x

= ⇒ = −  and 1 d 1ln
2 d 2

yy u
u u

= ⇒ =  OR 

21 1cot ( ) cosec  and 
2 cot ( ) cot ( )

du dyu x x
dx dux x

= ⇒ = ×− = OR 

( ) ( )
( )

d 1 ln
d 2 2

f x
f x

x f x
′  = 

 

THEN 

2cosec
2cot

x
x

= −  OR 2
1 sin

sin 2cos
x

x x
− × A1 

1
2sin cosx x

= − (A1) 

1
sin 2x

= − A1 

cosec2x= − AG 

[4 marks] 

continued… 
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Question 12 continued. 

(c) METHOD 1

attempts to use ( ) ( )de P x xI x ∫= (M1) 

cosec2 de x x−∫ A1 

( )1 ln cot
2e

x
= (A1) 

( )ln cote x
= A1 

cot x= AG 

METHOD 2 

attempts product rule differentiation on ( )d cot
d

y x
x

M1 

2d coseccot
d 2 cot
y y xx
x x

= − A1 

2d coseccot
d 2cot
y xx y
x x

 
= − 

 
 A1 

dcot cosec2
d
yx y x
x

 = − 
 

A1 

so cot x  is an integrating factor AG 

[4 marks] 

continued… 



– 28 – 2224 –7107M 

Question 12 continued. 

(d) dcot cosec2 cot tan cot
d
yx y x x x x
x
− =  (or equivalent) (M1) 

( )d cot 1
d

y x
x

= (A1) 

cot 1dy x x= ∫ A1 

( )coty x x C= + or equivalent A1 

substitutes π π, 0
4 4

x y C= = ⇒ =  M1 

Note:  Award M1 for attempting to find their value of C . 

tany x x= AG 

[5 marks] 

(e) (i) 2.52878...y =  

2.53y =  A1 

(ii) the gradient changes substantially (in the neighbourhood of 5π
12

x = ) R1 

  Note: Award R0 for saying the gradient is very large at 5π
12

x =

(iii) EITHER

the curve is concave up (over the interval) A1 

OR

2

2
d 0
d

y
x

> (over the interval) A1 

[3 marks] 

continued… 
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Question 12 continued. 

(f) ( )d cosec2 tan  tan cosec2 tan
d
y y x x x x x x
x
= + = +

cosec 2 , tan 0x x >  (for π0
2

x< < ) R1 

d 0
d
y
x

⇒ > A1 

so the curve has a positive gradient for π0
2

x< < AG 

Note:  Do not award R0A1. 

[2 marks] 

Total [21 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. If A1 marks are on
separate lines, they are assumed to be dependent and hence A0A1 is unlikely to be awarded.
However, where such marks are independent (e.g. the markscheme is presenting them in
sequence, but in the solution one does not lead directly to the other) this should be communicated
via a note, and hence A0A1 (for example) can be awarded.

• 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
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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) 

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.

• 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 1.5 = , 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.

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 

Final answers will generally not need to restate the variable and/or units to be considered correct. 
To help examiners, the markscheme will include variables and units, where appropriate. However, 
their omission from a candidate’s final answer should only be penalized if explicitly instructed in a 
markscheme note. 

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 a “correct” level of accuracy (e.g 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 

A GDC is required for this paper, but If you see work that suggests a candidate has used any 
calculator not approved for IB DP examinations (eg CAS enabled devices), 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)
2 2 2(8B 4)V (6 ( )3) 0 9= + − + −− (A1) 

10.2956...=

10.3 (= 106)= A1 

Note:  Award SC(A0)A1 for 

3

BV 4

9

− 
 

= − 
 
 

 where a candidate has misinterpreted notation. 

 [2 marks] 

(b) METHOD 1

BV VC=  AND BC 8=  (seen anywhere) (A1) 

attempt to use the cosine rule on triangle BVC for any angle (M1) 

Note: Recognition must be shown in context either in terms of labelled sides or in side lengths. 

2 2 210.2... 10.2..

.
c

8

10 2

.ˆ
.

os
.

BV
. . 10.2

C
2 ..

+ −


=


 OR 

2 2 2 ˆ8 cos BVC10.2.... 10.2... 2 10.2... 10.2...= + −   (A1) 

ˆBVC 0.798037...=

ˆBVC 0.798=  (accept 45.7 ) A1 

Note: If no working shown, award (A0)(M1)(A0)A0 for ˆBVC 0.80=  (or 46 ) (2sf). 

METHOD 2 

let M be the midpoint of BC 

BM 4=  (seen anywhere) (A1) 

attempt to use sine or cosine in triangle BMV or CMV (M1) 

4
arcsin

106
 OR 

π 4
arccos

2 106
− OR 0.399018 (A1) 

ˆBVC 0.798037...=

ˆBVC 0.798=  (accept 45.7 ) A1 

Note: If no working shown, award (A0)(M1)(A0)A0 for ˆBVC 0.80=  (or 46 ) (2sf). 

8823 – 7112M 



– 9 –

METHOD 3 

3 3

VC 4  and VB 4

9 9

   
   

= − =   
   − −   

(A1) 

attempt to use the cosine formula for an angle using two vectors representing the 

edges of triangle BVC (M1) 

2 2 2 2 2 2

3(3) 4(4) 9( 9) 74ˆcos BVC
1063 ( 4) ( 9) 3 4 ( 9)

− − −  
= = 

 + − + − + + −
(A1) 

ˆBVC 0.798037...=

ˆBVC 0.798=  (accept 45.7 ) A1 

Note: If no working shown, award (A0)(M1)(A0)A0 for ˆBVC 0.80=  (or 46 ) (2sf). 

METHOD 4 

3 3

VC 4  and VB 4

9 9

   
   

= − =   
   − −   

(A1) 

attempt to use the cross product formula for an angle using two vectors representing 

the edges of triangle BVC (M1) 

2 2 2 2 2 2

72

0

24 5760ˆsin BVC
1063 ( 4) ( 9) 3 4 ( 9)

 
 
 
    

= =  
+ − + − + + −  

(A1) 

ˆBVC 0.798037...=

ˆBVC 0.798=  (accept 45.7 ) A1 

Note: If no working shown, award (A0)(M1)(A0)A0 for ˆBVC 0.80=  (or 46 ) (2sf). 

Award SC(A1)(M1)(A0)A0 for  where a candidate has 

misinterpreted notation. 

 [4 marks] 

 Total [6 marks] 

( )

72
1 5760

area 0 37.9
2 2

24

 
 

= = = 
 
 
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2. (a)

A1A1A1 

Note:  Award marks as follows: 

A1 for approximately correct roots, in the intervals 2 1x−   −  and  

2 3x  . 

A1 for y-intercept AND local minimum in approximately correct positions. Allow for y-

intercept 3.5 2.5y−   − , and for local minimum 0.5 1.5x  , 5 4y−   − . 

A1 for approximately correct endpoints, with the left end in the intervals 

4.5 3.5, 7.5 8.5x y−   −    and the right end in the intervals  

 [3 marks] 

(b) 
1

2
k = A1 

3c = − (accept translate/shift 3 (units) down) A1 

 [2 marks] 

 Total [5 marks] 

2.5< x < 3.5, 6.5< y < 7.5
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3. (a) use of sector area formula to find area of at least one sector (M1) 

21
5.2 100 5.

1

2 2
2 r  −   OR  

2 2 2 21 1
10 π 10

2 2
(2π 5.2) π (2π 5.2)r r

 
−  −


 − −  −


 A1 

2(area) 260 2.6r= − AG 

Note: There are many different ways to find the area of the “C”. In all methods, the A mark is 

awarded for working which leads directly to the AG.  

Many candidates are working with rounded intermediate values. Award the A mark to correct 

work with values that round to the 3sf value of 260 and the 2sf value of 2.6 eg 
2259.99 2.6015r− . 

 [2 marks] 

(b) (i) 2260 2.6 64r− = (A1) 

8.68243...r =

8.68= (cm) 
14 65

 exact
13

 
  
 

A1 

(ii) 10 5.2 OR 8.68... 5.2 (A1) 

substituting their value of r into 5.2 5.2 2(10 )10 r r +  + −  (or equivalent) (M1) 

Perimeter = 5.2 8.68... 5.2 2(10 8.68...) ( 52 45.1486... 2.63513...)10 +  + − = + +

= 99.7837… 

= 99.8 (cm) A1 

 [5 marks] 

 Total [7 marks] 
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4. (a) recognizing at rest when 
d

0
d

s

t
= OR s is a minimum (M1) 

5.73553...q =

5.74= A1 

Note: If no working shown, award (M1)A0 for  (2sf). 

 [2 marks] 

(b) METHOD 1

recognizing that integral of ( )v t  is required (M1) 

5.73...

0
( ) dv t t OR 

5.73...

0

d
( ) d

d
s t t

t OR 
5.73...

0
( )dv t t  OR 

5.73...

0
( )dv t t− (A1) 

Note: Condone absence of dt. 

Only accept 
0

( ) d
q

v t t  if their value of q does not result in the particle changing direction in 

the first q seconds. 

7.68302...=

7.68 (m)= A1 

Note:  Special Cases: 

 Award a maximum of (M1)(A1FT)A0FT if the candidate obtains 1.62320...q =  in part (a), and 

uses that value to find the total distance to be 3.38302...  (3.37644...  from 3sf). 

 Award (M1)(A0)A1 if the candidate writes 
5.73...

0
( )dv t t followed by the correct answer.

METHOD 2 

recognition that total distance travelled is the difference between the initial 

displacement and the displacement at minimum (M1) 

initial displacement is 3.38302...AND at minimum is 4.3−  (A1) 

total distance travelled = 3.38302... ( 4.3)− −  

7.68302...=

7.68 (m)= A1 

Note:  If no working shown, award (M1)(A0)A0 for 7.7 (2sf). 

 [3 marks] 

 Total [5 marks] 

q = 5.7
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5.
2 3E( ) 2.32 3 4k kX a k+ += =+  (A1) 

2 3 1a kk k + ++ = (A1) 

Note: The first two A marks are independent of each other. 

EITHER (finding intersections of functions) 

attempt to make a the subject in both of their equations (M1) 

( )332 21
2 41  and .3 2

3
a k k k a k kk= − − − = −− −

use of graph or table to attempt to find intersection (M1) 

OR (solving algebraically) 

attempt to solve their equations algebraically to find a cubic in k (M1) 

3 2 2 0.7 0k k k− − + = OR ( )2 2 333 . 41 2 3 2k k k kk k− − − −− = −  (or equivalent) 

attempt to solve their cubic in k (M1) 

THEN 

0.552839...a = OR 0.315870...k =  (other solutions to cubic are 1.18538...,1.86951...k = − ) 

0.553a =  A1 

Note: If no working shown, award (A1)(A1)(M1)(M1)A0 for 2.44587...a =  OR 10.8987...a = −  and 

award (A0)(A0)(M1)(M1)A0 for 0.55a =  (2sf) . 

 Total [5 marks] 
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6. (a) ( )5.75 25 1p p= − (A1) 

0.641421...,0.358578...p =  

0.641,0.359p =
5 2

10

 
=  
 

A1A1 

[3 marks] 

(b) ( ) ( ) ( ) ( )( )
2

Var 2 Var 4VarY X X= − = (A1) 

23= A1 

[2 marks] 

Total [5 marks] 
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7. (a) (i) ( )9!  362880= A1 

Note: Accept 9! or 363000. 

(ii) attempt to consider girls as a single object (M1) 

( )3! 7! 30240 = A1 

Note: Accept 30200. 

[3 marks] 

(b) METHOD 1

recognition of the two different cases for 2 girls and 3 girls (M1) 

exactly 2 girls is 6 3

3 2 60C C =   and exactly 3 girls ( )3 6

3 2 15C C = (A1) 

total ( )60 15 75= + = A1 

METHOD 2 

recognition of the three different cases: total choices, 1 girl and no girls (M1) 

total choices 9

5 126C =  , one girl case 3 6

1 4 45C C =  , no girl case 6

5 6C = (A1) 

total ( )126 45 6 75= − − = A1 

[3 marks] 

Total [6 marks] 

8823 – 7112M 



– 16 –

8. (a)

1

AB 1

1

p

 
 

= − 
 − 

A1 

AC

2

p

p

 
 

= − 
 
 

A1 

attempt to evaluate their AB AC  by use of formula or determinant M1 

( )

( )

( )

2 1

AB AC 2

1

p p

p

p p p

− − 
 

 = − + 
 − − − 

OR  ( )( ) ( ) ( )( )2 1 2 1p p p p p p− − − + + − − −i j k A1 

2

2 3

AB AC 2

2

p

p

p p

− 
 

 = − − 
 − 

AG 

[4 marks] 

(b) 
2

AB AC

( ) ( ) ( ) ( )
22 2 2 4 3 22 3 2 2 4 14 8 8p p p p p p p p= − + − − + − = − + − + (A1) 

attempt to find minimum of their 
2

AB AC (M1) 

6.75257... OR 0.3264...p =  

min value is 6.75  A1 

[3 marks] 

continued… 
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Question 8 continued 

(c) METHOD 1

valid attempt to find 
1

area AB AC
2

=  using their answer to part b) (M1) 

area 
1

6.75257...
2

=

1.299285...=

1.30=  (units2) A1 

[2 marks] 

Total [9 marks] 
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9. (a) attempt to use recursive formula 1
1

4
0.1

10

n
n n

y
y y −

−

− 
= +  

 
(M1) 

n nx ny

0 0 2 

1 0.1 2.02 

2 0.2 2.0398 

3 0.3 2.05940… 

4 0.4 2.07880… 

5 0.5 2.09801… 

1 2.02y = (A1) 

5 2.098y = A1 

Note:  Accept any answer which rounds to the correct 4sf value. 

 Award no marks for a final answer of 2.1 or 2.10 with no working. 

[3 marks] 

continued… 
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Question 9 continued 

(b) METHOD 1

Note:  Condone absence of absolute value signs throughout 

d d

4 10

y x

y
=

−  M1 

( )ln 4
10

x
y c− − = + A1 

EITHER 

substituting initial conditions 0, 2x y= = to find the value of c M1 

( )ln 2 0 ln 2c c− = +  = − A1 

4
ln 4 ln 2 ln

10 2 10

yx x
y

−
− − = −  = −

104 2e
x

y
−

− = A1 

OR 

104 e
x

c

y
− −

− =   (so 104 e e
x

cy
−

−− =  ) 

104 e
x

y A
−

− = A1 

substituting initial conditions 0x = , 2y = to find the value of A  M1 

02 e 2A A=  = A1 

THEN 

104 2e
x

y
−

= − AG 

Note:  Candidates may use 
d d

4 10

y x

y
− =

−  and correctly obtain 104 2e
x

y
−

− =  leading to 104 2e
x

y
−

− =

 after consideration of the boundary conditions.  In this case, the absence of absolute value signs 

 should not be condoned until the sign has been resolved. 

continued… 

8823 – 7112M 



– 20 –

Question 9 continued 

METHOD 2 

attempt to rearrange and find an integrating factor M1 

d 1 4

d 10 10

y
y

x
+ = so IF 

1 1
d

10 10e e
x x
=

1 1 1

10 10 10
d 1 4

e e e
d 10 10

x x xy
y

x
+ =

( )
1 1

10 10e 4e
x x

y c= + A1A1 

Note:  Award A1 for LHS and A1 for RHS. 

substituting initial conditions 0, 2x y= = to find the value of c M1 

( )0 02e 4e 2c c= +  = − A1 

1 1

10 10e 4e 2
x x

y = −

104 2e
x

y
−

= − AG 

[5 marks] 

(c) absolute error ( )0.052.0980199... 4 2 0.000478749...e−= − − =

( )40.000479 4.79 10−= =  A1 

Note:  Accept ( )40.000459 4.59 10−=  from use of 4sf value. 

[1 mark] 

Total [9 marks] 
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Section B 

10. (a) recognizing probabilities sum to 1 (M1) 

0.288 P(94.6 98.1) 0.434 1X+   + =  

P(94.6 98.1) 0.278X  =     A1 

Note:  If no working shown, award (M1)A0 for P(94.6 98.1) 0.28X  =  (2sf). 

 [2 marks] 

(b) METHOD 1

recognizing the need to use inverse normal with 0.288 , (1 0.434)−  or 0.434 (M1) 

Note:  Accept use of calculator notation eg invNorm 0.288( ) = -0.559236...( ).

invNorm(0.288) 94.6, invNorm(1 0.434) 98.1   + = + − = (or equivalent) (A1)(A1) 

attempt to solve their equations in two variables using the GDC (that involve 

either z-values or ‘invNorm’ rather than probabilities)  (M1) 

97.2981..., 4.82468... = =

97.3, 4.82 = =  A1 

Note:  Condone use of different variables throughout, but do not award the final A1 if they do 

not clearly identify which variable is their mean and standard deviation. 

METHOD 2 

use of inverse normal to find at least one z-score for 8P 0 28( ) .Z z =  or 

1 0.434P( )Z z = −  (M1) 

1 0.559236...z = − OR 2 0.166199...=z

94.6
0.559236...





−
= − , 

98.1
0.166199...



−
=  (or equivalent) (A1)(A1) 

attempt to solve their equations (that involve z-values rather than probabilities)  (M1) 

97.2981..., 4.82468... = =   

97.3, 4.82 = =  A1 

Note:   Award marks as appropriate for work seen in part (a). 

Note:  If no working shown, award (M1)(A0)(A0)(M1)A0 for 97, 4.8 = =  (2sf). 

 [5 marks] 

8823 – 7112M 



– 22 –

Question 10 continued 

(c) (i) recognition of Binomial distribution (M1) 

~ B(100,0.434)X

P( 34) 0.0133198...X = =

0.0133= A1 

Note:  If no working shown, award (M1)A0 for  (2sf). 

(ii) P( 49) 0.848218...X  = (seen anywhere) (A1) 

recognition of conditional probability (M1) 

Note: recognition must be shown in context, either in symbols eg ( )P 34 | 49X X=  , or in

words eg ( )P 34 plants | less than 49 plants , not only as P( | )A B .

( )( )
( )

( )

P 34
P 34 | 49

P 49

X
X X

X

=
=  =


 OR 

( )

( )

P 34 0.0133198...

P 48 0.848218...

X

X

=  
= 

  
(A1)

0.0157033..= . 

( )P 34 | 49 0.0157X X=  = A1 

Note: Exception to FT: If the candidate finds ( )P( 49) 0.890474...X  =  and uses that to

calculate ( )P 34 | 49 0.0149581...X X=  =  award (A0)(M1)(A1)A0.

Note:  If no working shown, award (A0)(M1)(A0)A0 for ( )P 34 | 49 0.016X X=  =  (2sf).

[6 marks] 

continued… 

P(X = 34) = 0.013
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Question 10 continued 

(d) 1Q 96.19=  OR 3 101.01Q =   (may be seen on a labelled diagram with areas 

indicated) (A1) 

P(96.19 101.01) 0.5F  = OR P( 96.19) 0.25F  =  OR P( 101.01) 0.75F  =  

(or equivalent) 

EITHER 

attempt to find d using graph or table (M1) 

OR 

2.41
1 2P 0.5Z

d

 
−  − = 

 
OR 

2.41
P( ) 0.25Z

d
 − =  OR 

2.41
P( ) 0.75Z

d
 =

OR  
2.41 2.41

P( ) 0.5Z
d d

−   =  (or equivalent) (M1) 

2.41
0.674489...

d
− = −  OR 

2.41
0.674489...

d
=

THEN 

3.57307...

3.57d = A1 

Note: Accept 3.56 using 96.2 or 101. 

Note:  If no working shown, award (A0)(M1)A0 for 3.6d =  (2sf). 

[3 marks] 

Total [16 marks] 
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11. (a) (vertical asymptote equation) 3x = − A1 

Note: Accept 2 6 0x+ = or equivalent. 

[1 mark] 

(b) ( )2,0 and ( )12,0 A1A1 

Note: Award A1 for ( )2,0  and A1 for ( )12,0 .

Award A1A0 if only x values are given. 

[2 marks] 

(c) METHOD 1

1

2
a = A1 

attempt at ‘long division’ on 

2 14 24

2 6

x x

x

− +

+
(M1) 

2 14 24

2 6

x x

x

− +

+

1 17 ...

2 2 2 6
x

x

 
= − + 

+ 
(A1) 

17

2
b = −  A1 

Note: Accept 
1 17

2 2
y x= − . 

continued… 
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Question 11 continued 

METHOD 2 

1

2
a = A1 

2 14 24 1

2 6 2 2 6

x x c
x b

x x

− +
 + +

+ +
(A1) 

( ) ( )2 1
14 24 2 6 2 6

2
x x x x b x c− +  + + + +

attempt to equate coefficients of x : (M1) 

14 3 2b− = +

17

2
b = − A1 

Note: Accept 
1 17

2 2
y x= − . 

METHOD 3 

1

2
a = A1 

2 14 24 1 17 24

2 6 2 2 6

x x x
x

x x

− + − +
− 

+ +
(A1) 

attempt to find the limit of ( )f x ax−  as x →  (M1) 

17 24
lim

2 6x

x
b

x→

− +
=

+

17

2
= − A1 

Note: Accept 
1 17

2 2
y x= − . 

[4 marks] 

continued… 
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Question 11 continued 

(d) 

two branches with approximately correct shape (for 50 50x−   ) A1 

Note: For this A1 the graph must be a function. 

their vertical and oblique asymptotes in approximately correct positions with both 

branches showing correct asymptotic behaviour to these asymptotes A1A1 

Note:  Award A1 for vertical asymptote and behaviour and A1 for oblique asymptote and 
behaviour.  
If only top half of the graph seen only award A1A0 if both asymptotes and behaviour are 
seen.  

their axes intercepts in approximately the correct positions A1 

Note: Points of intersection with the axes and the equations of asymptotes do not need to be 

labelled.  Ignore incorrect labels. 

[4 marks] 
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(e) ( )10 5 3 18.6602....− − = − OR ( )10 5 3 1.33974....− + = −  seen anywhere (A1) 

attempt to write the range using at least one value in an interval or an inequality in y  or ( )f x  

(M1) 

18.7,  1.34y y −  − A1A1 

Note: Award A1 for each inequality. Award A1A0 for strict inequalities in both.  

Do not award FT from (d).     

Accept equivalent set notation.  

[4 marks] 

(f) ( )10 2 31 21.1355....− − = − OR ( )10 2 31 1.13552....− + = seen anywhere (A1) 

21.1,  3 1.14x x − −   A1A1A1 

Note: Award A1 for 21.1x  − , A1 for correct endpoints of a single interval 3−  and 1.14   and A1 for

3 1.14x−   . 

Do not award FT from (d). 

Accept equivalent set notation.

[4 marks] 

Total [19 marks] 
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12. (a) attempt to set at least two components of Land M equal M1 

1 2 9 4s t+ = +  

2 3 9s t+ = +

3 6 11 2s t− + = +

attempt to solve two of their equations simultaneously (M1) 

2s = OR 1t = − A1 

EITHER 

substitute 2s =  and 1t = − into remaining component e.g. ( ) ( )3 6 2 11 2 1− + = + −  R1  

OR 

recognition that 2nd and 3rd equations are equivalent R1 

THEN 

position vector of A is 

5

8

9

 
 
 
 
 

A1 

Note: Accept a row vector and/or coordinates. 

The final A1 is independent of R1. 

[5 marks] 

(b) METHOD 1

attempt to substitute at least one line into the equation of the plane (M1) 

( ) ( )

1 2 0

2 3 2 2 2 3 1 3 6 7

3 6 1

s

s s s

s

+   
   

+ = + − − + =   
   − + −   

A1 

( ) ( )

9 4 0

9 2 2 9 1 11 2 7

11 2 1

t

t t t

t

+   
   

+ = + − + =   
   + −   

A1 

continued… 
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Question 12 continued 

METHOD 2 

consideration the direction of one line and a point on that line (M1) 

direction 

2 0

3 . 2 0

6 1

   
   

=   
   −   

 AND point 

1 0

2 . 2 7

3 1

   
   

=   
   − −   

 

5 0

or 8 . 2 7

9 1

    
    

=    
    −    

A1 

direction 

4 0

1 . 2 0

2 1

   
   

=   
   −   

 AND point 

9 0

9 . 2 7

11 1

   
   

=   
   −   

5 0

or 8 . 2 7

9 1

    
    

=    
    −    

A1 

METHOD 3 

consideration of direction of both lines (M1) 

EITHER 

2 0

3 . 2 0

6 1

   
   

=   
   −   

 and 

4 0

1 . 2 0

2 1

   
   

=   
   −   

 (hence Land M  are parallel to the plane) A1 

OR 

2 4 0 0

3 1 20 2

6 2 10 1

k

       
       

 = =       
       − −       

 (hence Land M  are parallel to the plane) A1 

THEN 

5 0

8 . 2 7

9 1

   
   

=   
   −   

 OR 

1 0

2 . 2 7

3 1

   
   

=   
   − −   

 OR 

9 0

9 . 2 7

11 1

   
   

=   
   −   

A1 

[3 marks] 

continued… 
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Question 12 continued 

(c) (i) position vector of point on the line is ( )

3 0

12 2

2 1



−   
   

= +   
   −   

r

3

12 2

2





 −  
  
= +  
  −  

(A1) 

attempt to substitute position vector into equation of plane  (M1) 

meets   when 

3 0

12 2 . 2 7

2 1





−   
   

+ =   
   − −   

( ) ( )2 12 2 2 7 + − − =

22 5 7+ =

3 = − (A1) 

position vector of 

3 0 3

12 3 2 6

2 1 5

 −  −     
      

= − =      
      −      

r

3

6

5

− 
 

=  
 
 

A1 

Note:  Accept a row vector and/or coordinates. 

(ii) METHOD 1

attempt to find BC using OC OB− (M1) 

3 3 0

BC OC OB 6 12 6

5 2 3

− −     
     

= − = − = −     
     
     

attempt to use distance formula to find BC (M1) 

( )
2 2BC 6 3= − +

( )6.71 45 3 5= = = A1 
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METHOD 2 

recognition that 

0

BC 3 2

1

 
 

=   
 − 

(M1) 

attempt to use distance formula to find 

0

2

1

 
 
 
 − 

(M1) 

( )
22BC 3 2 1= + −

( )6.71 45 3 5= = = A1 

[7 marks] 

continued… 
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Question 12 continued 

(d) let B  be the image of B

METHOD 1 

OB =  

3 0

12 2

2 1



−   
   

+   
   −   

(A1) 

recognition that ( )2 6 = = −  OR BC CB= ( may be seen in a diagram) (M1) 

OB =

3

0

8

− 
 
 
 
 

so coordinates are ( )B 3,0,8 − A1 

METHOD 2 

0

BC CB 6

3

 
 = = − 
 
 

(A1) 

Note:  This may come from BC 3 5= − n using the unit normal vector 

0
1

2
5

1

 
 

=  
 − 

n

OB OC CB = + OR  OB OB 2BC = + OR OB 2OC OB = − (M1) 

3 0

6 6

5 3

−   
   

= + −   
   
   

OR 

3 0

12 2 6

2 3

−   
   

+ −   
   
   

 OR 

6 3

12 12

10 2

− −   
   

−   
   
   

OB =

3

0

8

− 
 
 
 
 

(so coordinates are ( )B 3,0,8 − ) A1 

[3 marks] 

Total [18 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. If A1 marks are on
separate lines, they are assumed to be dependent and hence A0A1 is unlikely to be awarded.
However, where such marks are independent (e.g. the markscheme is presenting them in
sequence, but in the solution one does not lead directly to the other) this should be communicated
via a note, and hence A0A1 (for example) can be awarded.

• 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
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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) 

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.

• 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 1.5 = , 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.

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 

Final answers will generally not need to restate the variable and/or units to be considered correct. 
To help examiners, the markscheme will include variables and units, where appropriate. However, 
their omission from a candidate’s final answer should only be penalized if explicitly instructed in a 
markscheme note. 

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 a “correct” level of accuracy (e.g 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 

A GDC is required for this paper, but If you see work that suggests a candidate has used any 
calculator not approved for IB DP examinations (eg CAS enabled devices), 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)
2 2 2(8B 4)V (6 ( )3) 0 9= + − + −− (A1) 

10.2956...=

10.3 (= 106)= A1 

Note:  Award SC(A0)A1 for 

3

BV 4

9

− 
 

= − 
 
 

 where a candidate has misinterpreted notation. 

 [2 marks] 

(b) METHOD 1

BV VC=  AND BC 8=  (seen anywhere) (A1) 

attempt to use the cosine rule on triangle BVC for any angle (M1) 

Note: Recognition must be shown in context either in terms of labelled sides or in side lengths. 

2 2 210.2... 10.2..

.
c

8

10 2

.ˆ
.

os
.

BV
. . 10.2

C
2 ..

+ −


=


 OR 

2 2 2 ˆ8 cos BVC10.2.... 10.2... 2 10.2... 10.2...= + −   (A1) 

ˆBVC 0.798037...=

ˆBVC 0.798=  (accept 45.7 ) A1 

Note: If no working shown, award (A0)(M1)(A0)A0 for ˆBVC 0.80=  (or 46 ) (2sf). 

METHOD 2 

let M be the midpoint of BC 

BM 4=  (seen anywhere) (A1) 

attempt to use sine or cosine in triangle BMV or CMV (M1) 

4
arcsin

106
 OR 

π 4
arccos

2 106
− OR 0.399018 (A1) 

ˆBVC 0.798037...=

ˆBVC 0.798=  (accept 45.7 ) A1 

Note: If no working shown, award (A0)(M1)(A0)A0 for ˆBVC 0.80=  (or 46 ) (2sf). 
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METHOD 3 

3 3

VC 4  and VB 4

9 9

   
   

= − =   
   − −   

(A1) 

attempt to use the cosine formula for an angle using two vectors representing the 

edges of triangle BVC (M1) 

2 2 2 2 2 2

3(3) 4(4) 9( 9) 74ˆcos BVC
1063 ( 4) ( 9) 3 4 ( 9)

− − −  
= = 

 + − + − + + −
(A1) 

ˆBVC 0.798037...=

ˆBVC 0.798=  (accept 45.7 ) A1 

Note: If no working shown, award (A0)(M1)(A0)A0 for ˆBVC 0.80=  (or 46 ) (2sf). 

METHOD 4 

3 3

VC 4  and VB 4

9 9

   
   

= − =   
   − −   

(A1) 

attempt to use the cross product formula for an angle using two vectors representing 

the edges of triangle BVC (M1) 

2 2 2 2 2 2

72

0

24 5760ˆsin BVC
1063 ( 4) ( 9) 3 4 ( 9)

 
 
 
    

= =  
+ − + − + + −  

(A1) 

ˆBVC 0.798037...=

ˆBVC 0.798=  (accept 45.7 ) A1 

Note: If no working shown, award (A0)(M1)(A0)A0 for ˆBVC 0.80=  (or 46 ) (2sf). 

Award SC(A1)(M1)(A0)A0 for  where a candidate has 

misinterpreted notation. 

 [4 marks] 

 Total [6 marks] 

( )

72
1 5760

area 0 37.9
2 2

24

 
 

= = = 
 
 
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2. (a)

A1A1A1 

Note:  Award marks as follows: 

A1 for approximately correct roots, in the intervals 2 1x−   −  and  

2 3x  . 

A1 for y-intercept AND local minimum in approximately correct positions. Allow for y-

intercept 3.5 2.5y−   − , and for local minimum 0.5 1.5x  , 5 4y−   − . 

A1 for approximately correct endpoints, with the left end in the intervals 

4.5 3.5, 7.5 8.5x y−   −    and the right end in the intervals  

 [3 marks] 

(b) 
1

2
k = A1 

3c = − (accept translate/shift 3 (units) down) A1 

 [2 marks] 

 Total [5 marks] 

2.5< x < 3.5, 6.5< y < 7.5
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3. (a) use of sector area formula to find area of at least one sector (M1) 

21
5.2 100 5.

1

2 2
2 r  −   OR  

2 2 2 21 1
10 π 10

2 2
(2π 5.2) π (2π 5.2)r r

 
−  −


 − −  −


 A1 

2(area) 260 2.6r= − AG 

Note: There are many different ways to find the area of the “C”. In all methods, the A mark is 

awarded for working which leads directly to the AG.  

Many candidates are working with rounded intermediate values. Award the A mark to correct 

work with values that round to the 3sf value of 260 and the 2sf value of 2.6 eg 
2259.99 2.6015r− . 

 [2 marks] 

(b) (i) 2260 2.6 64r− = (A1) 

8.68243...r =

8.68= (cm) 
14 65

 exact
13

 
  
 

A1 

(ii) 10 5.2 OR 8.68... 5.2 (A1) 

substituting their value of r into 5.2 5.2 2(10 )10 r r +  + −  (or equivalent) (M1) 

Perimeter = 5.2 8.68... 5.2 2(10 8.68...) ( 52 45.1486... 2.63513...)10 +  + − = + +

= 99.7837… 

= 99.8 (cm) A1 

 [5 marks] 

 Total [7 marks] 
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4. (a) recognizing at rest when 
d

0
d

s

t
= OR s is a minimum (M1) 

5.73553...q =

5.74= A1 

Note: If no working shown, award (M1)A0 for  (2sf). 

 [2 marks] 

(b) METHOD 1

recognizing that integral of ( )v t  is required (M1) 

5.73...

0
( ) dv t t OR 

5.73...

0

d
( ) d

d
s t t

t OR 
5.73...

0
( )dv t t  OR 

5.73...

0
( )dv t t− (A1) 

Note: Condone absence of dt. 

Only accept 
0

( ) d
q

v t t  if their value of q does not result in the particle changing direction in 

the first q seconds. 

7.68302...=

7.68 (m)= A1 

Note:  Special Cases: 

 Award a maximum of (M1)(A1FT)A0FT if the candidate obtains 1.62320...q =  in part (a), and 

uses that value to find the total distance to be 3.38302...  (3.37644...  from 3sf). 

 Award (M1)(A0)A1 if the candidate writes 
5.73...

0
( )dv t t followed by the correct answer.

METHOD 2 

recognition that total distance travelled is the difference between the initial 

displacement and the displacement at minimum (M1) 

initial displacement is 3.38302...AND at minimum is 4.3−  (A1) 

total distance travelled = 3.38302... ( 4.3)− −  

7.68302...=

7.68 (m)= A1 

Note:  If no working shown, award (M1)(A0)A0 for 7.7 (2sf). 

 [3 marks] 

 Total [5 marks] 

q = 5.7
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5.
2 3E( ) 2.32 3 4k kX a k+ += =+  (A1) 

2 3 1a kk k + ++ = (A1) 

Note: The first two A marks are independent of each other. 

EITHER (finding intersections of functions) 

attempt to make a the subject in both of their equations (M1) 

( )332 21
2 41  and .3 2

3
a k k k a k kk= − − − = −− −

use of graph or table to attempt to find intersection (M1) 

OR (solving algebraically) 

attempt to solve their equations algebraically to find a cubic in k (M1) 

3 2 2 0.7 0k k k− − + = OR ( )2 2 333 . 41 2 3 2k k k kk k− − − −− = −  (or equivalent) 

attempt to solve their cubic in k (M1) 

THEN 

0.552839...a = OR 0.315870...k =  (other solutions to cubic are 1.18538...,1.86951...k = − ) 

0.553a =  A1 

Note: If no working shown, award (A1)(A1)(M1)(M1)A0 for 2.44587...a =  OR 10.8987...a = −  and 

award (A0)(A0)(M1)(M1)A0 for 0.55a =  (2sf) . 

 Total [5 marks] 
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6. (a) ( )5.75 25 1p p= − (A1) 

0.641421...,0.358578...p =  

0.641,0.359p =
5 2

10

 
=  
 

A1A1 

[3 marks] 

(b) ( ) ( ) ( ) ( )( )
2

Var 2 Var 4VarY X X= − = (A1) 

23= A1 

[2 marks] 

Total [5 marks] 
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7. (a) (i) ( )9!  362880= A1 

Note: Accept 9! or 363000. 

(ii) attempt to consider girls as a single object (M1) 

( )3! 7! 30240 = A1 

Note: Accept 30200. 

[3 marks] 

(b) METHOD 1

recognition of the two different cases for 2 girls and 3 girls (M1) 

exactly 2 girls is 6 3

3 2 60C C =   and exactly 3 girls ( )3 6

3 2 15C C = (A1) 

total ( )60 15 75= + = A1 

METHOD 2 

recognition of the three different cases: total choices, 1 girl and no girls (M1) 

total choices 9

5 126C =  , one girl case 3 6

1 4 45C C =  , no girl case 6

5 6C = (A1) 

total ( )126 45 6 75= − − = A1 

[3 marks] 

Total [6 marks] 
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8. (a)

1

AB 1

1

p

 
 

= − 
 − 

A1 

AC

2

p

p

 
 

= − 
 
 

A1 

attempt to evaluate their AB AC  by use of formula or determinant M1 

( )

( )

( )

2 1

AB AC 2

1

p p

p

p p p

− − 
 

 = − + 
 − − − 

OR  ( )( ) ( ) ( )( )2 1 2 1p p p p p p− − − + + − − −i j k A1 

2

2 3

AB AC 2

2

p

p

p p

− 
 

 = − − 
 − 

AG 

[4 marks] 

(b) 
2

AB AC

( ) ( ) ( ) ( )
22 2 2 4 3 22 3 2 2 4 14 8 8p p p p p p p p= − + − − + − = − + − + (A1) 

attempt to find minimum of their 
2

AB AC (M1) 

6.75257... OR 0.3264...p =  

min value is 6.75  A1 

[3 marks] 

continued… 
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Question 8 continued 

(c) METHOD 1

valid attempt to find 
1

area AB AC
2

=  using their answer to part b) (M1) 

area 
1

6.75257...
2

=

1.299285...=

1.30=  (units2) A1 

[2 marks] 

Total [9 marks] 
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9. (a) attempt to use recursive formula 1
1

4
0.1

10

n
n n

y
y y −

−

− 
= +  

 
(M1) 

n nx ny

0 0 2 

1 0.1 2.02 

2 0.2 2.0398 

3 0.3 2.05940… 

4 0.4 2.07880… 

5 0.5 2.09801… 

1 2.02y = (A1) 

5 2.098y = A1 

Note:  Accept any answer which rounds to the correct 4sf value. 

 Award no marks for a final answer of 2.1 or 2.10 with no working. 

[3 marks] 

continued… 
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Question 9 continued 

(b) METHOD 1

Note:  Condone absence of absolute value signs throughout 

d d

4 10

y x

y
=

−  M1 

( )ln 4
10

x
y c− − = + A1 

EITHER 

substituting initial conditions 0, 2x y= = to find the value of c M1 

( )ln 2 0 ln 2c c− = +  = − A1 

4
ln 4 ln 2 ln

10 2 10

yx x
y

−
− − = −  = −

104 2e
x

y
−

− = A1 

OR 

104 e
x

c

y
− −

− =   (so 104 e e
x

cy
−

−− =  ) 

104 e
x

y A
−

− = A1 

substituting initial conditions 0x = , 2y = to find the value of A  M1 

02 e 2A A=  = A1 

THEN 

104 2e
x

y
−

= − AG 

Note:  Candidates may use 
d d

4 10

y x

y
− =

−  and correctly obtain 104 2e
x

y
−

− =  leading to 104 2e
x

y
−

− =

 after consideration of the boundary conditions.  In this case, the absence of absolute value signs 

 should not be condoned until the sign has been resolved. 

continued… 
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Question 9 continued 

METHOD 2 

attempt to rearrange and find an integrating factor M1 

d 1 4

d 10 10

y
y

x
+ = so IF 

1 1
d

10 10e e
x x
=

1 1 1

10 10 10
d 1 4

e e e
d 10 10

x x xy
y

x
+ =

( )
1 1

10 10e 4e
x x

y c= + A1A1 

Note:  Award A1 for LHS and A1 for RHS. 

substituting initial conditions 0, 2x y= = to find the value of c M1 

( )0 02e 4e 2c c= +  = − A1 

1 1

10 10e 4e 2
x x

y = −

104 2e
x

y
−

= − AG 

[5 marks] 

(c) absolute error ( )0.052.0980199... 4 2 0.000478749...e−= − − =

( )40.000479 4.79 10−= =  A1 

Note:  Accept ( )40.000459 4.59 10−=  from use of 4sf value. 

[1 mark] 

Total [9 marks] 
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Section B 

10. (a) recognizing probabilities sum to 1 (M1) 

0.288 P(94.6 98.1) 0.434 1X+   + =  

P(94.6 98.1) 0.278X  =     A1 

Note:  If no working shown, award (M1)A0 for P(94.6 98.1) 0.28X  =  (2sf). 

 [2 marks] 

(b) METHOD 1

recognizing the need to use inverse normal with 0.288 , (1 0.434)−  or 0.434 (M1) 

Note:  Accept use of calculator notation eg invNorm 0.288( ) = -0.559236...( ).

invNorm(0.288) 94.6, invNorm(1 0.434) 98.1   + = + − = (or equivalent) (A1)(A1) 

attempt to solve their equations in two variables using the GDC (that involve 

either z-values or ‘invNorm’ rather than probabilities)  (M1) 

97.2981..., 4.82468... = =

97.3, 4.82 = =  A1 

Note:  Condone use of different variables throughout, but do not award the final A1 if they do 

not clearly identify which variable is their mean and standard deviation. 

METHOD 2 

use of inverse normal to find at least one z-score for 8P 0 28( ) .Z z =  or 

1 0.434P( )Z z = −  (M1) 

1 0.559236...z = − OR 2 0.166199...=z

94.6
0.559236...





−
= − , 

98.1
0.166199...



−
=  (or equivalent) (A1)(A1) 

attempt to solve their equations (that involve z-values rather than probabilities)  (M1) 

97.2981..., 4.82468... = =   

97.3, 4.82 = =  A1 

Note:   Award marks as appropriate for work seen in part (a). 

Note:  If no working shown, award (M1)(A0)(A0)(M1)A0 for 97, 4.8 = =  (2sf). 

 [5 marks] 
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Question 10 continued 

(c) (i) recognition of Binomial distribution (M1) 

~ B(100,0.434)X

P( 34) 0.0133198...X = =

0.0133= A1 

Note:  If no working shown, award (M1)A0 for  (2sf). 

(ii) P( 49) 0.848218...X  = (seen anywhere) (A1) 

recognition of conditional probability (M1) 

Note: recognition must be shown in context, either in symbols eg ( )P 34 | 49X X=  , or in

words eg ( )P 34 plants | less than 49 plants , not only as P( | )A B .

( )( )
( )

( )

P 34
P 34 | 49

P 49

X
X X

X

=
=  =


 OR 

( )

( )

P 34 0.0133198...

P 48 0.848218...

X

X

=  
= 

  
(A1)

0.0157033..= . 

( )P 34 | 49 0.0157X X=  = A1 

Note: Exception to FT: If the candidate finds ( )P( 49) 0.890474...X  =  and uses that to

calculate ( )P 34 | 49 0.0149581...X X=  =  award (A0)(M1)(A1)A0.

Note:  If no working shown, award (A0)(M1)(A0)A0 for ( )P 34 | 49 0.016X X=  =  (2sf).

[6 marks] 

continued… 

P(X = 34) = 0.013
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Question 10 continued 

(d) 1Q 96.19=  OR 3 101.01Q =   (may be seen on a labelled diagram with areas 

indicated) (A1) 

P(96.19 101.01) 0.5F  = OR P( 96.19) 0.25F  =  OR P( 101.01) 0.75F  =  

(or equivalent) 

EITHER 

attempt to find d using graph or table (M1) 

OR 

2.41
1 2P 0.5Z

d

 
−  − = 

 
OR 

2.41
P( ) 0.25Z

d
 − =  OR 

2.41
P( ) 0.75Z

d
 =

OR  
2.41 2.41

P( ) 0.5Z
d d

−   =  (or equivalent) (M1) 

2.41
0.674489...

d
− = −  OR 

2.41
0.674489...

d
=

THEN 

3.57307...

3.57d = A1 

Note: Accept 3.56 using 96.2 or 101. 

Note:  If no working shown, award (A0)(M1)A0 for 3.6d =  (2sf). 

[3 marks] 

Total [16 marks] 
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11. (a) (vertical asymptote equation) 3x = − A1 

Note: Accept 2 6 0x+ = or equivalent. 

[1 mark] 

(b) ( )2,0 and ( )12,0 A1A1 

Note: Award A1 for ( )2,0  and A1 for ( )12,0 .

Award A1A0 if only x values are given. 

[2 marks] 

(c) METHOD 1

1

2
a = A1 

attempt at ‘long division’ on 

2 14 24

2 6

x x

x

− +

+
(M1) 

2 14 24

2 6

x x

x

− +

+

1 17 ...

2 2 2 6
x

x

 
= − + 

+ 
(A1) 

17

2
b = −  A1 

Note: Accept 
1 17

2 2
y x= − . 

continued… 
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Question 11 continued 

METHOD 2 

1

2
a = A1 

2 14 24 1

2 6 2 2 6

x x c
x b

x x

− +
 + +

+ +
(A1) 

( ) ( )2 1
14 24 2 6 2 6

2
x x x x b x c− +  + + + +

attempt to equate coefficients of x : (M1) 

14 3 2b− = +

17

2
b = − A1 

Note: Accept 
1 17

2 2
y x= − . 

METHOD 3 

1

2
a = A1 

2 14 24 1 17 24

2 6 2 2 6

x x x
x

x x

− + − +
− 

+ +
(A1) 

attempt to find the limit of ( )f x ax−  as x →  (M1) 

17 24
lim

2 6x

x
b

x→

− +
=

+

17

2
= − A1 

Note: Accept 
1 17

2 2
y x= − . 

[4 marks] 

continued… 
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Question 11 continued 

(d) 

two branches with approximately correct shape (for 50 50x−   ) A1 

Note: For this A1 the graph must be a function. 

their vertical and oblique asymptotes in approximately correct positions with both 

branches showing correct asymptotic behaviour to these asymptotes A1A1 

Note:  Award A1 for vertical asymptote and behaviour and A1 for oblique asymptote and 
behaviour.  
If only top half of the graph seen only award A1A0 if both asymptotes and behaviour are 
seen.  

their axes intercepts in approximately the correct positions A1 

Note: Points of intersection with the axes and the equations of asymptotes do not need to be 

labelled.  Ignore incorrect labels. 

[4 marks] 
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(e) ( )10 5 3 18.6602....− − = − OR ( )10 5 3 1.33974....− + = −  seen anywhere (A1) 

attempt to write the range using at least one value in an interval or an inequality in y  or ( )f x  

(M1) 

18.7,  1.34y y −  − A1A1 

Note: Award A1 for each inequality. Award A1A0 for strict inequalities in both.  

Do not award FT from (d).     

Accept equivalent set notation.  

[4 marks] 

(f) ( )10 2 31 21.1355....− − = − OR ( )10 2 31 1.13552....− + = seen anywhere (A1) 

21.1,  3 1.14x x − −   A1A1A1 

Note: Award A1 for 21.1x  − , A1 for correct endpoints of a single interval 3−  and 1.14   and A1 for

3 1.14x−   . 

Do not award FT from (d). 

Accept equivalent set notation.

[4 marks] 

Total [19 marks] 
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12. (a) attempt to set at least two components of Land M equal M1 

1 2 9 4s t+ = +  

2 3 9s t+ = +

3 6 11 2s t− + = +

attempt to solve two of their equations simultaneously (M1) 

2s = OR 1t = − A1 

EITHER 

substitute 2s =  and 1t = − into remaining component e.g. ( ) ( )3 6 2 11 2 1− + = + −  R1  

OR 

recognition that 2nd and 3rd equations are equivalent R1 

THEN 

position vector of A is 

5

8

9

 
 
 
 
 

A1 

Note: Accept a row vector and/or coordinates. 

The final A1 is independent of R1. 

[5 marks] 

(b) METHOD 1

attempt to substitute at least one line into the equation of the plane (M1) 

( ) ( )

1 2 0

2 3 2 2 2 3 1 3 6 7

3 6 1

s

s s s

s

+   
   

+ = + − − + =   
   − + −   

A1 

( ) ( )

9 4 0

9 2 2 9 1 11 2 7

11 2 1

t

t t t

t

+   
   

+ = + − + =   
   + −   

A1 

continued… 
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Question 12 continued 

METHOD 2 

consideration the direction of one line and a point on that line (M1) 

direction 

2 0

3 . 2 0

6 1

   
   

=   
   −   

 AND point 

1 0

2 . 2 7

3 1

   
   

=   
   − −   

 

5 0

or 8 . 2 7

9 1

    
    

=    
    −    

A1 

direction 

4 0

1 . 2 0

2 1

   
   

=   
   −   

 AND point 

9 0

9 . 2 7

11 1

   
   

=   
   −   

5 0

or 8 . 2 7

9 1

    
    

=    
    −    

A1 

METHOD 3 

consideration of direction of both lines (M1) 

EITHER 

2 0

3 . 2 0

6 1

   
   

=   
   −   

 and 

4 0

1 . 2 0

2 1

   
   

=   
   −   

 (hence Land M  are parallel to the plane) A1 

OR 

2 4 0 0

3 1 20 2

6 2 10 1

k

       
       

 = =       
       − −       

 (hence Land M  are parallel to the plane) A1 

THEN 

5 0

8 . 2 7

9 1

   
   

=   
   −   

 OR 

1 0

2 . 2 7

3 1

   
   

=   
   − −   

 OR 

9 0

9 . 2 7

11 1

   
   

=   
   −   

A1 

[3 marks] 

continued… 

8823 – 7107M 



– 30 –

Question 12 continued 

(c) (i) position vector of point on the line is ( )

3 0

12 2

2 1



−   
   

= +   
   −   

r

3

12 2

2





 −  
  
= +  
  −  

(A1) 

attempt to substitute position vector into equation of plane  (M1) 

meets   when 

3 0

12 2 . 2 7

2 1





−   
   

+ =   
   − −   

( ) ( )2 12 2 2 7 + − − =

22 5 7+ =

3 = − (A1) 

position vector of 

3 0 3

12 3 2 6

2 1 5

 −  −     
      

= − =      
      −      

r

3

6

5

− 
 

=  
 
 

A1 

Note:  Accept a row vector and/or coordinates. 

(ii) METHOD 1

attempt to find BC using OC OB− (M1) 

3 3 0

BC OC OB 6 12 6

5 2 3

− −     
     

= − = − = −     
     
     

attempt to use distance formula to find BC (M1) 

( )
2 2BC 6 3= − +

( )6.71 45 3 5= = = A1 
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METHOD 2 

recognition that 

0

BC 3 2

1

 
 

=   
 − 

(M1) 

attempt to use distance formula to find 

0

2

1

 
 
 
 − 

(M1) 

( )
22BC 3 2 1= + −

( )6.71 45 3 5= = = A1 

[7 marks] 

continued… 
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Question 12 continued 

(d) let B  be the image of B

METHOD 1 

OB =  

3 0

12 2

2 1



−   
   

+   
   −   

(A1) 

recognition that ( )2 6 = = −  OR BC CB= ( may be seen in a diagram) (M1) 

OB =

3

0

8

− 
 
 
 
 

so coordinates are ( )B 3,0,8 − A1 

METHOD 2 

0

BC CB 6

3

 
 = = − 
 
 

(A1) 

Note:  This may come from BC 3 5= − n using the unit normal vector 

0
1

2
5

1

 
 

=  
 − 

n

OB OC CB = + OR  OB OB 2BC = + OR OB 2OC OB = − (M1) 

3 0

6 6

5 3

−   
   

= + −   
   
   

OR 

3 0

12 2 6

2 3

−   
   

+ −   
   
   

 OR 

6 3

12 12

10 2

− −   
   

−   
   
   

OB =

3

0

8

− 
 
 
 
 

(so coordinates are ( )B 3,0,8 − ) A1 

[3 marks] 

Total [18 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 

A GDC is required for this paper, but if you see work that suggests a candidate has used any 
calculator not approved for IB DP examinations (eg CAS enabled devices), 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) 1.93258...a = , 7.21662...b =

1.93a = , 7.22b =  A1A1 

[2 marks] 

(b) attempt to substitute 20d =  into their equation (M1) 

height 45.8683...=

height 45.9=  (cm) A1 

[2 marks] 
Total [4 marks] 
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2. METHOD 1
attempt to substitute into cosine rule (M1) 

( )( )2 2 2 ˆ154 150 90 2 150 90 cosAPB= + −   OR  
( )( )

2 2 2150 90 154ˆcosAPB
2 150 90
+ −

= (A1) 

ˆAPB 75.2286...= °   OR  1.31298... radians

ˆAPB 75.2= °  OR  1.31radians (A1) 

valid approach to find θ (M1) 

ˆ180 APBθ
2

° −
=  OR 180 75.2286...

2
θ °− °
= ( )52.3856...=  OR

( )π 1.31298...θ 0.914302...
2

−
= =

valid approach to express h  in terms of θ  (M1) 

sinθ
150

h
=    OR 150sin52.3856...h = °  

118.820...h =  

119h =  (m) A1 
[6 marks] 

METHOD 2 
attempts to find either the distance between the buildings or the difference in height 
between the buildings in terms of θ  (M1) 

distance between the buildings is ( )150 90 cosθ+  and the difference in height between

the buildings is ( )150 90 sinθ− (A1) 

uses Pythagoras and attempts to solve for θ  (M1) 

( ) ( )2 2 260sin 240cos 154θ θ+ =  

0.914302...θ = ( )52.3856...= ° (A1) 

( )sin 0.914302...
150

h
= (M1) 

118.820...h =  

119h =  (m) A1 

[6 marks] 
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3. (a) evidence of attempting to find correct area under normal curve (M1) 

( )P 210W >  OR sketch

( )P 210 0.115069...W > =

( )P 210 0.115W > = A1 

[2 marks] 

(b) recognizing ( ) ( ) ( )P 1 P 210 P 210W w w W W< = − < < − > (M1) 

( )P 1 0.8 0.115069...W w< = − −

( )P 0.084930...W w< =

( )P 0.0849W w< = A1 

[2 marks] 

(c) evidence of attempting to use inverse normal function (M1) 

197.136...w =

197w =  (grams) A1 

[2 marks] 

(d) recognition of binomial distribution (M1) 

( )B 10,0.0849302...X 

P( 1) 0.382076...X = =

P( 1) 0.382X = = A1 

[2 marks] 
Total [8 marks] 
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4. attempt to use the binomial expansion of ( )8x h+ (M1) 

8 8 0 8 7 1 8 6 2
0 1 2 ...C x h C x h C x h+ + +  

8a h=  (accept 8
1C h ) A1 

228b h=  (accept 8 2
2C h ) A1 

470d h=  (accept 8 4
4C h ) A1 

recognition that there is a common ratio between their terms (M1) 
28 28h r h× =  OR 2 428 70h r h× =  OR 2 48 70h r h× =  

correct equation in terms of h  (A1) 
2 4

2
28 70
8 28

h h
h h

= (or equivalent) 

1.4h =  A1 

[7 marks] 
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5. (a) recognize that acceleration is zero when ( ) 0v t′ =   OR at a local maximum on the
graph of v (M1) 

1 0.394791...t =  

1
50.395 arctan

12
t   = =     

 (seconds) A1 

[2 marks] 

(b) recognition that 0v = (M1) 

sketch OR 4.71238...t =  OR 10.9955...t =

2 10.9955...t =

2
7π11.0
2

t  = = 
 

A1 

[2 marks] 

(c) 
2

1

 d
t

t

v t∫  OR 
10.9955...

0.394791...

 dv t∫   OR  ( )
4.71238... 10.9955...

0.394791... 4.71238...

 d  d 6.53806... 1.29313...v t v t+ = +∫ ∫

OR  ( )( )
4.71238... 10.9955...

0.394791... 4.71238...

 d  d 6.53806... 1.29313...v t v t− = − −∫ ∫ (A1) 

distance = 7.83118… 

= 7.83 (m) A1 

[2 marks] 
Total [6 marks] 
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6. (a) METHOD 1

the general point on L  has coordinates ( ),2 2 ,4 2λ λ λ− −  

substitutes this general point into both 1Π  and 2Π  (M1) 

( ) ( )( )2 2 2 2 4 2 2 2 2 8 4λ λ λ λ λ λ− − + − = − + + −  A1 

6=   AG 

( ) ( )( )4 3 2 2 4 2 4 6 6 4 2λ λ λ λ λ λ+ − − − = + − − +  A1 

2=   AG 

so the vector equation of L  can be written as 
0 1
2 2
4 2

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

r  AG 

Note: Award (M1)A0A0 for correct verification using a specific value of λ . 

continued… 
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Question 6 continued 

METHOD 2 

substitutes ( )0,2,4  into both 1Π  and 2Π  and shows that 

0 2 8 6− + =  and 0 6 4 2+ − =  A1 

hence ( )0,2,4  lies in both 1Π  and 2Π AG 

EITHER 

attempts to find 
2 4
1 3

2 1

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

M1 

5
10
10

− 
 =  
 
 

 A1 

OR 

attempts to find 
1 2
2 1
2 2

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

  and 
1 4
2 3
2 1

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

  M1 

( )2 2 4 0+ − =  and ( )4 6 2 0− + = A1 

THEN 

(so 
1
2
2

 
 − 
 − 

 is perpendicular to both normal vectors) 

so the vector equation of L  can be written as 
0 1
2 2
4 2

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

r  AG 

Note: Award M1 for substituting 0x =  (or 2y =  or 4z = ) into 1Π  and 2Π  and 
solving simultaneously, for example, solving 2 6y z− + =  and 3 2y z− = . 
Award A1 for 2y =  and 4z = , for example. 

continued… 
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Question 6 continued 

METHOD 3 
attempts row reduction to obtain eg, 

2
2
zx + =  and 2y z− = − (M1) 

substitutes x λ=  into 2
2
zx + = , solves for z  and obtains 4 2z λ= −  A1 

substitutes 4 2z λ= −  into 2y z− = − , solves for y  and obtains 2 2y λ= −  A1 

so the vector equation of L  can be written as 
0 1
2 2
4 2

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

r  AG 

METHOD 4 
attempts to solve 2 2 6x y z− + =  and 4 3 2x y z+ − =  (M1) 

for example, , 2 2 , 4 2x y zλ λ λ= = − = −  A2 

so the vector equation of L  can be written as 
0 1
2 2
4 2

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

r  AG 

Note: Only award marks for convincing use of a GDC. 

[3 marks] 

continued… 
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Question 6 continued 

(b) EITHER
the position vector for point P  nearest to the origin is perpendicular to the
direction of L

1
2 2 2 0
4 2 2

λ
λ
λ

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

 (M1) 

( ) ( )2 2 2 2 4 2 0λ λ λ− − − − =  (A1) 

9 12 0λ − =  (A1) 

OR 
let s  be the distance from the origin to a point P  on L , then 

( ) ( )2 22 2 2 2 4 2s λ λ λ= + − + −  (A1) 

attempts to find λ  such that 
( )2d

0
d
s
λ

= (M1) 

either 
( ) ( )

2d
18 24 0

d
s

λ
λ

= − =  or a graph of 2s  versus λ  (A1) 

Note: Award as above for use of ( ) ( )2 22 2 2 4 2s λ λ λ= + − + − . 

THEN 

4
3

λ = A1 

4 2 4P , ,
3 3 3

 − 
 

( )P(1.33, 0.667,1.33− A1 

[5 marks] 
Total [8 marks] 
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7. attempts to express x  in terms of tan y (M1) 

tan 2x y= + (A1) 

let V  be the volume of the solid

correctly uses 2π d
b

a

V x y= ∫ (M1) 

Note: Award M0 for ( )2arctan( 2)
b

a

V x dy= π −∫

( ) ( )
π

1.0472...3
2 2

0 0

π tan 2 d π tan 2 dV y y y y
 

= + = + 
 

∫ ∫ (A1) 

24.0213...=  

24.0=  ( )( )π 4ln 2 π 3= + + A1 

Note: GDC in degrees gives13.3 

[5 marks] 
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8. (a) EITHER
attempts to find the -y coordinate of either the local minimum point or the local 
maximum point (M1) 

OR 

attempts to find the discriminant of ( ) ( )2 22 5 3  2 (5 3 ) 0x y x yx x y− = − − + − = (M1) 

( )( )24 4 5 3 4 20 12y y y y∆ = − − = − +

THEN 
1.43425...y =  (local min.) and 0.232408...y =  (local max.) (A1)(A1) 

( ) 0.232g x ≤  OR ( ) 1.43g x ≥  ( ( ) 13 5
6

g x − +
≤ OR ( ) 13 5

6
g x +

≥ ) A1 

Note: Accept other valid notations such as interval notation. 

[4 marks] 

(b) 2

2 5
0

3
x

x
−

≥
−

 (since cos 0t <  for π π
2

t< ≤ ) (R1) 

attempts to solve graphically or algebraically (M1) 

5
2

x ≤ −  OR ( )3 3 1.73 1.73x x− < < − < <  OR 5
2

x ≥ A1 

[3 marks] 
Total [7 marks] 
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9. METHOD 1

10  numbers of the form 3n , 10  numbers of the form ( )3 1n −  and 10  numbers of the

form ( )3 2n − ( may be seen anywhere) (M1) 

considers one of the following two cases of forming a sum divisible by 3 (M1) 

case 1:

chooses 3  numbers of the form 3n  or chooses 3  numbers of the form ( )3 1n −  or

chooses 3  numbers of the form ( )3 2n −

( )10 10 10 10
3 3 3 3 3 3 120 360C C C C+ + = × = × =  ways A1 

case 2: 

chooses 1 number of the form 3n  and chooses 1 number of the form ( )3 1n −  and

chooses 1 number of the form ( )3 2n −

( )( )310 10 10 10 3
1 1 1 1 10 1000C C C C× × = = =  ways OR ( )

30 20 10
1 1 1 1000

3!
C C C× ×

=  ways A1 

total number of ways is ( )10 10 10 10
3 1 1 13  360 1000C C C C× + × × = +

1360=  A1 

METHOD 2 

total number of ways of choosing 3 numbers (without restriction) is 30
3 4060C = A1 

attempts to find the total number of ways of choosing 3 numbers whose sum is not 
divisible by 3 (M1) 
chooses 2 numbers from one group and chooses 1 number from another group 

eg chooses 2 numbers of the form 3n  and chooses 1 number of the form 3 1n −  
10 10

2 13! 2700C C× × =  (M1)A1 

Note: Award (M1) for any integer multiple of 10 10
2 1C C× . 

total number of ways is 4060 2700−  

1360=  A1 

[5 marks] 
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Section B 

10. (a) 2π7.8
period

= (M1) 

2π 0.805536...
7.8

=

20πperiod 0.806
78

 = = 
 

 A1 

[2 marks] 

(b) METHOD 1

(i) max minamplitude
2
−

= (M1) 

1.8 1
2
−  

0.4a = −  A1 

(ii) 1.4b = A1 

METHOD 2 
attempt to form two simultaneous equations in a and b  (M1) 

(0) 1 1H a b= ⇒ + = , π 1.8 1.8
7.8

H a b  = ⇒ − + = 
 

0.4, 1.4a b= − =  A1A1 

[3 marks] 
continued… 
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Question 10 continued 

(c) EITHER

1
2

5 6.207... 6
period

= < (A1) 

OR 
consideration of number of maximums on graph in first 5 seconds (A1) 

OR 
maximums when 0.403, 1.21, 2.01, 2.82, 3.62, 4.43t =  (A1) 

THEN 
6 times A1 

[2 marks] 

(d) recognizing that ( ) 1.5H t = (M1) 

( )0.4cos 7.8 1.4 1.5t− + =

0.233779...

0.234t =  (seconds) A1 
[2 marks] 
continued… 
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Question 10 continued 

(e) finding second time height is 1.5 metres (M1) 

0.571757...t =
in each period, height is greater than 1.5 metres for 0.337978… seconds  (A1) 

Note: Award (M1)(A1) for total time 2.02787...seen. 

multiplying their value by 6 and divide by 5 (M1) 

0.337978... 6
5

× OR 2.02787...
5

0.405574...=  

P(height is greater than 1.5 m) 0.406=  A1 

[4 marks] 
Total [13 marks] 
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11. (a) attempts to form a numerator involving a product of two terms involving y

and a denominator involving a product of two terms involving r y+ (M1) 

( )
( )( )

1 1
1 3

y y
r y r y

−
=

+ + −
A1 

attempts to remove the fractions and expand the brackets (M1) 
2 2 23 3 2y y y ry y r r− = + − + −  A1 
2 22 2 2 0y ry y r r− − + − =  

( )2 22 2 1 0y r y r r− + + − = AG 

[4 marks] 

(b) attempts to solve for y (M1) 

( ) ( ) ( )2 22 1 4 1 8

4

r r r r
y

+ ± + − −
= A1 

( ) 22 1 12 4
4

r r
y

+ ± +
= A1 

( ) 21 3 1
2

r r
y

+ ± +
=

(since ,r y +∈ ) and ( ) 21 3 1
0

2
r r+ − +

<  for 1r >  R1 

Note: Award the R1 for stating that number of balls cannot be negative, or 
similar. 

Note: Accept  0y >  

so ( ) 21 3 1
2

r r
y

+ + +
= AG 

[4 marks] 

continued… 
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Question 11 continued 

(c) attempts to find a pair of positive integer values eg by using a table (M1) 

Note: Award M0 if numbers are not positive integers. 

1 red ball and 2 yellow balls ( 1r =  and 2y = ) A1 

4 red balls and 6 yellow balls ( 4r =  and 6y = ) A2 

Note: Award A1 for one solution and A2 for another. 
15 red balls and 21 yellow balls ( 15r =  and 21y = ) is the next solution. 

[4 marks] 

(d) attempts to form a numerator involving a product of three terms involving y

and a denominator involving a product of three terms that includes a ( )10y +
term (M1) 

( ) ( )( )
( )( )( )

( )( )
( )( )( )

1 2 1 2
P

10 1 10 2 10 10 9 8
y y y y y y

YYY
y y y y y y

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

A1A1 

Note: Award A1 for a correct numerator and A1 for a correct denominator. 

[3 marks] 

(e) ( ) ( )( )( )
( )( )( )

( )( )( )
( )( )( )

1 1 1 1
P new

1 10 10 1 10 11 10 9
y y y y y y

YYY
y y y y y y

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

(A1) 

equates their answer for ( )P newYYY to 2×  their answer for part (d) M1 

( )( )
( )( )( )

( )( )( )
( )( )( )

2 1 2 1 1
10 9 8 11 10 9
y y y y y y

y y y y y y
− − + −

=
+ + + + + +

attempts to solve for y (M1) 

Note: Award (M1) for attempting to write the above expression as 
( )2 2 1

8 11
y y

y y
− +

=
+ +

. 

4y =   A2 

[5 marks] 
Total [20 marks] 
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12. (a) attempts to use ( )1 0 0 0,y y h f x y= + × (M1) 

( )22

1
1 3 2

2 0.1
2

y
+

= + ×

2.65=  A1 

Note: Award (M1)A0 for 2.35. 

[2 marks] 

(b) let y vx= M1 

d d
d d
y vv x
x x
= + (A1) 

2 2 2

2
d 3
d
v x v xv x
x vx

+
+ = (M1) 

2d 1 2
d
v vx
x v

+
= A1 

attempt to separate variables x and v M1 

2
1d d

2 1
v v x

v x
=

+∫ ∫  

( )21 ln 2 1 ln
4

v x C+ = + A1 

Note: Condone the absence of C  to this stage. 

continued… 
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Question 12 continued 

EITHER 
2

2
1 2ln 1 ln
4

y x C
x

 
+ = + 

 

when 1x = , 12 ln9
4

y C= ⇒ = M1 

Note: Award M1 for attempting to find their value of C . 

2

2
1 2 1ln 1 ln ln9
4 4

y x
x

 
+ = + 

 
1

2 4

2
2 1 3y x
x

 
+ = 

 
 

OR 

( )
2

4
2
2ln ln ln

1
y x C

x
 

= + + 
2

4
2

2 1y C x
x

+ =

when 1x = , 2 9y C= ⇒ =  M1 

THEN 
2

4
2

2 1 9y x
x

+ = A1 

49 1
2

xy x −
= AG 

[8 marks] 
continued… 
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Question 12 continued 

(c) 2.71422...y =

2.71y = A1 

[1 mark] 

(d) EITHER

the graph of
49 1
2

xy x −
=  is concave up (for 1 1.1x≤ ≤ ) A1 

OR
2

2
d 0
d

y
x

> (for 1 1.1x≤ ≤ ) A1 

Note: Allow positive curvature, opening upwards, increasing first derivative. 

THEN 
hence the tangent drawn using Euler’s method gives an underestimate of the true 
value, so the value of y  when 1.1x =  is greater than the approximate value 
found in part (a) R1 

Note: Only award R1 if there is reference to tangent (in words or in a diagram). 

[2 marks] 
continued… 
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Question 12 continued 

(e) EITHER

Note: Award the first A mark for a correct graph seen in part (d). 

correct graph of d
d
y
x

A1 

OR 

correct graph of 
2

2
d
d

y
x

A1 

THEN 
0.655996...x =  

0.656 x =  A1 
[2 marks] 
continued… 
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Question 12 continued 

(f) 
2

2
d 0
d

y
x

=  (seen anywhere) (A1) 

Note: Award (A1) for equivalent answers (seen anywhere) such as 
4 2 2 4

2 3
6 0x x y y

x y
− + +

=  or 4 2 2 46 0x x y y− + + = . 

EITHER 

divides ( )4 2 2 46 0x x y y− + + =  through by 4y (M1) 

( )
4 2

4 2 6 0x x
y y

− + + =

( )4 2
1 1 6 0ym

x m m
= ⇒ − + + = (M1) 

( )4 26 1 0m m+ − =

( )( )2 23 1 2 1 0m m− + = A1 

21 1 
23

m m = ± = − 
 

 

OR 

divides ( )4 2 2 46 0x x y y− + + =  through by 2 2x y (M1) 

( )
2 2

2 21 6 0x y
y x

− + + =

( )2
2

1 1 6 0ym m
x m

= ⇒ − + + = (M1) 

( )4 26 1 0m m+ − =

( )( )2 23 1 2 1 0m m− + = A1 

21 1 
23

m m = ± = − 
 

 

continued… 
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Question 12 continued 

OR 

attempts to factorize ( )4 2 2 46 0x x y y− + + = (M1) 

( )( )( )2 2 2 23 2 0x y x y− − + = A1 

attempts to solve their factorized equation (M1) 

2 21 1 
23

y x y x ⇒ = ± = − 
 

 

THEN 

1
3

y x=  (and so 1
3

m = ) A1 

 as 0, 0x y> >  (or equivalent reasoning/justification) R1 

Note: Award R1 for 1
3

y x=  (and so 1
3

m = ) as 1
3

y x≠ −  and 2 22 0x y+ =  

for 0x =  and 0y =  only. 

[6 marks] 
Total [21 marks] 



M23/5/MATHX/HP2/ENG/TZ1/XX/M 

31 pages

Markscheme 

May 2023 

Mathematics: analysis and approaches

Higher level 

Paper 2 



– 2 – M23/5/MATHX/HP2/ENG/TZ1/XX/M 

© International Baccalaureate Organization 2023

All rights reserved. No part of this product may be reproduced in any form or by any 
electronic or mechanical means, including information storage and retrieval systems, 
without the prior written permission from the IB. Additionally, the license tied with this 
product prohibits use of any selected files or extracts from this product. Use by third 
parties, including but not limited to publishers, private teachers, tutoring or study services, 
preparatory schools, vendors operating curriculum mapping services or teacher resource 
digital platforms and app developers, whether fee-covered or not, is prohibited and is a 
criminal offense.

More information on how to request written permission in the form of a license can be 
obtained from https://ibo.org/become-an-ib-school/ib-publishing/licensing/applying-for-a-
license/.

© Organisation du Baccalauréat International 2023

Tous droits réservés. Aucune partie de ce produit ne peut être reproduite sous quelque 
forme ni par quelque moyen que ce soit, électronique ou mécanique, y compris des 
systèmes de stockage et de récupération d’informations, sans l’autorisation écrite 
préalable de l’IB. De plus, la licence associée à ce produit interdit toute utilisation de tout 
fichier ou extrait sélectionné dans ce produit. L’utilisation par des tiers, y compris, sans 
toutefois s’y limiter, des éditeurs, des professeurs particuliers, des services de tutorat ou 
d’aide aux études, des établissements de préparation à l’enseignement supérieur, des 
fournisseurs de services de planification des programmes d’études, des gestionnaires de 
plateformes pédagogiques en ligne, et des développeurs d’applications, moyennant 
paiement ou non, est interdite et constitue une infraction pénale.

Pour plus d’informations sur la procédure à suivre pour obtenir une autorisation écrite 
sous la forme d’une licence, rendez-vous à l’adresse https://ibo.org/become-an-ib-school/
ib-publishing/licensing/applying-for-a-license/.

© Organización del Bachillerato Internacional, 2023

Todos los derechos reservados. No se podrá reproducir ninguna parte de este producto 
de ninguna forma ni por ningún medio electrónico o mecánico, incluidos los sistemas de 
almacenamiento y recuperación de información, sin la previa autorización por escrito del 
IB. Además, la licencia vinculada a este producto prohíbe el uso de todo archivo o 
fragmento seleccionado de este producto. El uso por parte de terceros —lo que incluye, 
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 1.5 = , 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.

• 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 1.5 = , 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.

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 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. 

9 Calculators 

A GDC is required for this paper, but if you see work that suggests a candidate has used any 
calculator not approved for IB DP examinations (eg CAS enabled devices), 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) Let N be North 

ˆNJD 34=  OR ˆDJL 56=  (must be labelled or indicated in diagram): (A1) 

( )ˆJDL=99  A1 

Note:  Accept 
11π

,1.73
20

 (radians). 

[2 marks] 

(b) attempt to apply the sine rule (M1) 

DL 500

sin 56 sin 99
=

 
OR 

DL 500

sin 0.977384... sin1.72787...
= (A1) 

419.685… 

)DL 420 (km= A1 

Note:  Award M1A1A0 for 261 (km) from use of degrees with GDC set in radians 

(with or without working). 

[3 marks] 

Total [5 marks] 
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2. (a) attempt to substitute g into f (M1) 

3( )( ) 2 tan tanf g x x x= −   A1 

[2 marks] 

(b) 

A1A1A1 

Note:  A1 for approximately correct odd function passing through the origin with a 

maximum above 1y =  and a minimum below 1y = − . 

A1 for endpoints at 1x =  and y in the intervals  0.6,0.8 and  0.8, 0.6− −

A1 for maximum in approximately correct position and labelled 

( )0.685,1.09  AND minimum in approximately correct position and labelled

( )0.685, 1.09− − . For approximate position, allow 0.8 0.6x−   − ,

1.2 1y−   − for minimum and 0.6 0.8x  , 1 1.2y  for maximum. If

the candidate gives the coordinates of extrema below their sketch, only 

award this mark if extrema are marked in the correct interval (eg by a dot). 

[3 marks] 

Total [5 marks] 
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3. (a) recognising to find (25)y (M1) 

2(25) 0.6 25 23 25 110y = −  +  +

310= (children) A1 

 [2 marks] 

(b) recognizing x on y is required (M1) 

0.0935114… and 7.43053… (A1) 

0.0935 7.43x y= +  A1 

[3 marks] 

(c) attempt to substitute their answer to part (a) into their regression equation for either

x or y (M1) 

( )0.0935114... 310 7.43053... 36.4190...x =  + =

36 (accept 37 or 36.4) A1 

Note:  Award (M1)A1FT for 37x =  found from using 9.39 41.5y x= − . 

Award (M1)A0FT for a correct FT answer that lies outside  15,46 .

[2 marks] 

Total [7 marks] 
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4. METHOD 1

1 3=31.86 OR 32.14Q Q =  (A1) 

recognition that the area under the normal curve below 
1Q  or above 

3Q is 0.25 OR the 

area between 
1Q  and 

3Q  is 0.5  (seen anywhere including on a diagram) (M1) 

EITHER 

equating an appropriate correct normal CDF function to its correct probability ( 0.25  or 0.5

or 0.75) (A2)  

OR 

0.674489...z = −  OR 0.674489...z =  (seen anywhere) (A1) 

31.86 32
0.674489...



−
− = OR  

32.14 32
0.674489...



−
= (A1) 

THEN 

0.207564...  

0.208 (mm) = A1 

METHOD 2 

recognition that the area under the normal curve below 
1Q  or above 

3Q is 0.25 OR the 

area between 
1Q  and 

3Q  is 0.5  (seen anywhere including on a diagram) (M1) 

0.674489...z = − OR 0.674489...z =  (A1) 

( )1 32 0.674489...Q −= OR ( )3 32 0.674489...Q += (A1) 

( )3 1 2 0.674489...Q Q =−

2 0.674489... 0.28 = (A1) 

0.207564...  

0.208 (mm) = A1 

Total [5 marks] 
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5. product of a binomial coefficient, a power of 
3ax  and a power of b seen (M1) 

evidence of correct term chosen 

for 8n = : 2r = (or 6r = )  OR  for 10n = : 2r =  (or 8r = ) (A1) 

correct equations (may include powers of x) A1A1 

( )28 6 22 6 6

2 448 16448 28C a b a b a b= =  = , ( )210 8 22 88

2 82880 5 04 2 8 64bC ba b a a= = =

attempt to solve their system in a and b algebraically or graphically (M1) 

2b = ; 
1

2
a = A1A1 

Note: Award a maximum of (M1)(A1)A1A1(M1)A1A0 for 2b =  and/or 
1

2
a =  . 

[7 marks] 
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6. (a) attempt to use De Moivre’s theorem (M1) 

11π
i

18
11π 11π 11π 11π

cos isin cos isin e
18 18 18 18

n n
n n   

+ = + =  
   

OR ( ) ( )cos 110 isin 110n n+

EITHER 

attempt to consider imaginary part (M1) 

11π
sin 1

18

n
= − OR ( )sin 110 1n = −

OR   

attempt to consider argument of i− (M1) 

11π 3π
i i

18 2e e
n

=

THEN 

11π 3π 7π 11π 3π
, , ... 2π , 

18 2 2 2 2

n
k k

   
= = +    

   
 OR 

( ) ( )110 270 ,630 ,990 ... 270 360 , n k k= = +  (A1) 

11 27,63,99,...n =

9n = A1 

 [4 marks] 

continued… 
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Question 6 continued 

(b) EITHER

11π 55π π10 i i i
10 18 9 9e e =ez

 
 
 

 
= = 

 
OR 

10 π
arg( )

9
z =  OR 

10arg( ) 20z = (A1) 

Note:  Accept equivalent arguments given in any interval, in degrees or radians. 

recognising that the difference between 
10arg( )z  and arg( )z  is needed (M1) 

10 π 11π π
arg( ) arg( )

9 18 2
z z− = − = −

OR  

recognising that 
10 9z z z=  (M1) 

11π 11π 3π9 i i i
9 18 2 2e e ez

 
 
 

 
= = = 

 
 OR 

9 3π
arg( )

2
z = or 

π

2
− OR 

9arg( ) 270z = or 90− (A1) 

Note:  Accept equivalent arguments given in any interval, in degrees or radians. 

THEN 

a rotation 
3π

2
 OR 

π

2
− OR equivalent angle about the origin. A1 

Note:  Accept correct answer given in degrees. 

Accept 
π

2
 clockwise or 

11π

2
 or 

( )4 1 π

2

k −
 for k . 

The centre must be stated to gain the final A1. 

[3 marks] 

Total [7 marks] 
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7. (a)

A1A1 

Note: award A1 for branch correctly labelled 1 p−

 award A1 for branches correctly labelled 0.95 and 0.05 

 award A0 for 'G branch labelled p  

award A0 for 'G branch labelled q  unless explicitly defined as 1 p−

[2 marks] 

continued… 
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Question 7 continued 

(b) METHOD 1

recognizing conditional probability (M1) 

( )P 'G pos OR  ( )P G pos

( )

( )

0.02 1 18

0.95 0.02 1 150

p

p p

−  
= 

+ −  
 OR 

( )
0.95 132

0.95 0.02 1 150

p

p p

 
= 

+ −  
(A1)(A1) 

Note: Award A1 for a correct numerator and A1 for a correct denominator. 

0.133738p =

0.134p = A1 

METHOD 2 

attempt to set up a system of equations ( S = sample size) (M1) 

( )0.95 132p S = and ( )( )1 0.02 18p S− = (A1) 

attempt to solve for p or S (M1) 

( )
0.95 132

0.02 1 18

p

p
=

−

OR ( ) .
132 18

1 138.947... 900
0.95 0.02

1038.94..S pS p S+ − = + == + =

0.133738...p =

0.134p = A1 
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METHOD 3 

attempt to find the number of parrots with the gene and the number without (M1) 

number of parrots with the gene 
132

138.947...
0.95

 =  AND 

number of parrots without the gene 
18

900
0.02

 = (A1) 

number of parrots in the sample 138.947... 90 .1038 .0 .94. + =  

attempt to find proportion of sample with the gene (M1) 

138.947...
=

1038.
.

9
3

4
3

..
0.1 7

.
38..p 

0.134p = A1 

[4 marks] 

Total [6 marks] 
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8. direction vector of the line is  (seen anywhere) (A1) 

normal vector of the plane is  

4

cos

sin





 
 
 
 
 

 (seen anywhere) (A1) 

EITHER 

correct scalar product 12 2cos sin + − (seen anywhere) (A1) 

one correct magnitude (seen anywhere) (A1) 

( )2 216 cos sin 17 + + = , ( )9 4 1 14+ + =

recognizing angle between normal and direction vector is 
π

2
−  (seen anywhere) (M1) 

Note:  angle 
π

2
− may be implied by use of sin on the RHS of the step below 

attempt to substitute into the formula for the angle between two vectors to form an 
equation in   (M1) 

π
12 2cos sin = 17 14 cos

2
  

 
+ − − 

 
  OR 12 2cos sin = 17 14 sin  + −

continued… 

3

2

1

 
 
 
 − 
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Question 8 continued 

OR 

correct expression for the magnitude of the vector product 

( ) ( ) ( )( )2 2 2

2sin cos

4 3sin 2sin cos 4 3sin 3cos 8

3cos 8

 

    



+ 
 
− − = + + − − + − 

 − 

 (seen anywhere) (A1) 

one correct magnitude (seen anywhere) (A1) 

( )2 216 cos sin 17 + + = , ( )9 4 1 14+ + =

recognizing angle between normal and direction vector is 
π

2
−  (seen anywhere) (M1) 

Note: angle 
π

2
− may be implied by use of cos on the RHS of the step below 

attempt to substitute into the formula for the angle between two vectors to form an 
equation in   (M1) 

( ) ( ) ( )
2 2 2 π

2sin cos 4 3sin 3cos 8 = 17 14 sin
2

    
 

+ + − − + − − 
 

OR 

( ) ( ) ( )
2 2 2

2sin cos 4 3sin 3cos 8 = 17 14 cos    + + − − + −

THEN 

0.932389... =  

0.932 =    A1 

Note: Award maximum (A1)(A1)(A1)(A1)(M1)(M1)A0   for a correct answer given 

in degrees 54.4219... = . 

[7 marks] 
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9. Assume
2 8 11 0p q− − =  , ( ),p q M1 

Note:  This M1 is dependent on the assumption of truth (implied by  “assume” or 

“suppose that … is true”.) 

Subsequent marks should be awarded independently. 

EITHER 

( )2 8 11 2(4 5) 1p q q= + = + + so 
2p odd p  odd R1 

OR 

p even 
2 8 11p q − =  even which is a contradiction so p  is odd R1 

Note: This R1 should be awarded for any valid reason to conclude that p  must be 

odd. 

THEN 

( )2 1 ,p k k= +  M1 

( )
2

2 1 8 11k q+ = +

24 4 1 8 11k k q+ + = + (A1) 

24 4 8 10k k q+ = +

22 2 4 5k k q+ = + or equivalent with one side odd and one side even A1 

a contradiction as LHS is even and RHS is odd R1 

Note: This R1 is dependent on all previous marks. 

Accept correct variations such as work based on 2 1p k= − . 

therefore, if  then AG 

Total [6 marks] 

,p q
2 8 11 0p q− − 
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Section B 

10. (a) recognition that 45 10 10 arc length= + +  (M1) 

arc length 25 (cm)=  (A1) 

25 12= A1 

2.08 = correct to 3 significant figures AG 

[3 marks] 

(b) 

Note:  There are many different ways to dissect the cross-section to determine its 

area. In all approaches, candidates will need to find w  or 
2

w
. Award the 

first three marks for work seen anywhere. 

EITHER 

evidence of using the cosine rule OR sine rule (M1) 

( )2 2 212 12 2 12 12cos 2.08w = + −   OR 
12

sin(2.08) sin(0.530796...)

w
= (A1) 

20.6977w =  or 10.3488...
2

w
= (A1) 

OR 

using trig ratios in a right triangle with angle 
2.08

2
 and side length 

2

w
(M1) 

2.08 2sin
2 12

w

 
= 

 
(A1) 

20.6977w =  or 10.3488...
2

w
= (A1) 

Note: Accept 20.7179w = from use of 
25

2 24


= . 

continued… 



– 21 – M23/5/MATHX/HP2/ENG/TZ1/XX/M 

Question 10 continued 

THEN 

Let the points A, B, C, D, E, F, G, H lie on the figure as follows: 

EITHER 

(segment AHB =) sector OAB – triangle OAB (M1) 

 = ( )2 212 12 sin 2.08 149.76 62.8655... 86.8944...
1 1

2.08
2 2
    = −− = (A1) 

valid approach to find total cross-sectional area (seen anywhere) (M1) 

sector OAB – triangle OAB + rectangle CDBA 

= ( )86.8944... 10 86.8944... 206.977...w+ = +

Note:  Use of 
25

12
 =  throughout leads to segment OAB 87.2517...=  and cross-sectional 

area 87.2517... 207.179...= + . 

continued… 
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Question 10 continued 

OR 

trapezium CGOA (= rectangle CGOE + triangle EOA) (M1) 

( )( )
20.6977...

10 10 12cos(1.04)  ( 72.0557)
2 2

1
=  + −  = (A1) 

valid approach to find total cross-sectional area (seen anywhere) (M1) 

2 × trapezium CGOA + sector OAB 

= ( )21
2(72.0557...) 2.08 144.111... 149.76

2
12+ = + 

Note:  Use of 
25

12
 =  leads to area of trapezium CGOA  72.2154...=  and cross-sectional 

area 144.430... 150= + . 

OR 

2 x area of trapezium CGOA (= area of rectangle CDFE + 2 x triangle EOA) (M1) 

( ) )
1

20.6 0977 10 12cos(1.04) 1
2

2cos(1.04) 12sin(1 4... 2 . − +    (A1) 

( )81.2458... 62.8655...= +

valid approach to find total cross-sectional area (seen anywhere) (M1) 

2 x trapezium CGOA + sector OAB 

( )21
144.111... 2.08 144.111... 149.761

2
2= + + =

Note:  Use of 
25

12
 =  leads to 2 x area of trapezium CGOA 144.430...=  and cross-sectional 

area 144.430... 150= + . 

THEN 

area of cross-section 293.871...= ( 294.430...  from exact answer) 

294=  (cm2) A1 

[7 marks] 

continued… 
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Question 10 continued 

(c) METHOD 1

4.71976...− volume of gutter 176323=  OR 176658  (OR 600  their area) (seen 

anywhere) A1 

recognising rainfall can be represented by an integral (M1) 

60

0
( )dR t t (A1) 

Note: Accept any 60 second interval or any interval which is a multiple of 5 

seconds (one period) scaled up to 60 seconds e.g. 
5

0
12 ( )dR t t . 

rainfall over 60 seconds 180000=  (cm3) A1 

the gutter will overflow because the rainfall > gutter volume A1 

METHOD 2 

volume of gutter 176323=  OR 176658  (OR 600  their area) (seen anywhere) A1 

recognition that cosine has a minimum value of -1 (M1) 

( ) ( )3 11 50 3000 cm sR t −  −  + (A1) 

rainfall over 60 seconds 177000 (A1) 

the gutter will overflow because the rainfall > gutter volume A1 

METHOD 3 

volume of gutter 176323=  OR 176658  (OR 600  their area) (seen anywhere) A1 

recognising rainfall can be represented by an integral (M1) 

attempt to solve 60 58.8  OR  

0
( )d 176658

T

R t t = (M1) 

time to reach overflow point = 58.7875...OR 58.8990...  A1 

the gutter will overflow because 60 58.8  OR 60 58.9  A1 

[5 marks] 

Total [15 marks] 

=
250

2p
sin

2p ´ 60

5

æ

èç
ö

ø÷
+ 3000´ 60

æ

è
ç

ö

ø
÷
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11. (a) ( )
2

20

6
E d

π 16

x
X x

x
=

−
 (A1) 

Note:  Condone the absence of dx .  

Accept 
2

0
( ) dxf x x

attempt to integrate 
2

6

π 16

x

x−
 using inspection/substitution (M1) 

( )
1

2 2
6

2 16 d
2π

x x x
−

− − −  or let 
216u x= −

( )
2

1
2 2

0

6
2 16

2π
x

 
− − 

 
OR 

12
1

2

16

6

π
u

 
− 
 

A1 

Note: For this A1 condone absent or incorrect limits. 

attempt to substitute their limits and evaluate (M1) 

( )24 6 12
12 2 3

π π π

 
− = − 

 
A1 

Note:  The substitution sin
4

x
 =  may also be used, leading to 

 
π π
6 6

00

24 24 24 π
sin d cos 1 cos

π π π 6
  

 
= − = − 

 
   .  Award marks as 

appropriate and accept 
24 π

1 cos
π 6

 
− 

 
for the final A1. 

[5 marks] 

(b) 
0.5 0.5

20 0

6
( ) d d

π 16
f x x x

x

 
= 

− 
  (M1) 

( )0.5 0.239358...P X  =

0.239=  A1 

[2 marks] 

continued… 
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Question 11 continued 

(c) EITHER

recognition P(at least one success after n trials) = 1 – P(no successes after n trials) (M1) 

( )1 1 0.239... 0.99
n

− −  (A1) 

16.8321...n =

Note: Use of 0.239 results in 16.8612...n =

OR 

recognition that ( )B ,0.239...Y n (M1) 

If 16n =  P(at least one success after n trials) 0.987443...=  

and if  17n =  P(at least one success after n trials) 0.990448...=  (A1) 

Note:  Use of 0.239 results in the values 0.987348...and 0.990371...  

THEN 

17 trials A1 

[3 marks] 

(d) recognition that ( )B 10, their part b)Y (M1) 

( )B 10,0.239...

( )P 3 0.242430...X = =  

0.242=  A1 

[2 marks] 

continued… 
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Question 11 continued 

(e) 8 A1 

[1 mark] 

(f) (i) 2n− A1 

(ii) 
3

nC (ways of 3 successes in n trials) (A1) 

3

2
n

n

C

−
(A1) 

Attempt to solve their 
3

2
0.05

n

n

C

−
   OR 

( )
6

0.05
1n n


−
 (or equivalent) (M1) 

Note:  Accept an equation. 

11.4658...n =  OR 

table values 
3

2
11, 0.0545454...

n

n
n

C

−
= = and 

3

2
12, 0.0454545...

n

n
n

C

−
= = (A1) 

11n = A1 

[6 marks] 

Total [19 marks] 
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12. 

Note: Penalise only once for an answer not given to six significant figures in parts 

(a), c(ii) and (d)(ii). 

(a) attempt to use Euler’s method (M1) 

2

1 12

0 3
0.03 , 3 0.03

1 0 1

n n n
n n

n

x y y
y y y

x
+

 − − 
= + = +   

+ +  

1 2.91y = (A1) 

at least one correct further intermediate value given to at least 3 significant figures (A1) 

0y 3

1y 2.91

2y 2.82285...

3y 2.73877...

4y 2.65793...

5y 2.58046...

( ) 50.15 2.58046160...y y =

2.58046= A1 

Note:  Award final A1 for the correct answer seen as the last line in a table. 

If the table goes beyond this value and the correct answer is not explicitly 

identified award maximum (M1)(A1)(A1)A0 

[4 marks] 

continued… 
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Question 12 continued 

(b) (i)
d

3
d

y

x
= − A1 

(ii) METHOD 1

attempt to use quotient (or product) rule on

( ) ( )( )
2

1
2 2

2

d
1

d 1

y x y y
x x y y

x x

−−
= = + −

+
(M1) 

attempt to use product rule and implicit differentiation on 
2x y (M1) 

( ) ( )2 2d d d
2

d d d

y y
x y y x x y

x x x
− = + −  (seen anywhere) A1 

3=   (when 
d

0, 3, 3
d

y
x y

x
= = = − ) 

( ) ( ) ( )( )

( )

2 2 2

2

22 2

d d
1 2 2

d d d

d 1

y y
x x x y x y y x

y x x

x x

 
+ + − − − 

 =
+

OR ( ) ( ) ( ) ( )
2

1 2
2 2 2 2

2

d d d
1 2 2 1

d d d

y y y
x x x y x x x y y

x x x

− − 
= + + − − + − 

 
A1 

2

2

d
3

d

y

x
=   (when 

d
0, 3, 3

d

y
x y

x
= = = − ) AG 

METHOD 2 

( )2 2d
1

d

y
x x y y

x
+ = − A1 

attempt to use product rule and implicit differentiation (M1) 

( ) ( )
2

2 2

2

d d d d
2 1 2

d d d d

y y y y
x x x x y

x x x x
+ + = + − A1A1 

Note: Award A1 for LHS and A1 for RHS 

2

2

d
3

d

y

x
=   (when 

d
0, 3, 3

d

y
x y

x
= = = − ) AG 

[5 marks] 

continued… 
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Question 12 continued 

(c) (i) ( ) ( )
2 3

2 33 3
3 3 3 9 ... 3 3 ...

2! 3! 2 2

x x
x x x x

 
− + + + = − + + + 

 
A1A1 

Note:  Award A1 for first three terms, A1 for fourth term 

(ii) ( )0.15 2.58881125...y =

2.58881=  A1 

[3 marks] 

continued… 
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Question 12 continued 

(d) (i) EITHER 

attempt to separate variables M1 

2

2

1 1
d d

1

x
y x

y x

−
=

+     OR 
2

1 2
d 1 d

1
y x

y x

 
= − 

+ 
 

ln 2arctany x x c= − + A1A1 

Note:  Award A1 for ln y  or ln y , A1 for 2arctanx x− .  

Condone missing c+  at this stage. 

OR 

attempt to use integrating factor M1 

2

d 2
1 0

d 1

y
y

x x

 
− − = 

+ 

IF 
2

2
1 d

2arctan1e e
x

x xx

 
− −  − ++ 

= =
A1 

2arctan 2arctan

2

d 2
e e 1 0

d 1

x x x xy
y

x x

− + − +  
− − = 

+ 

2arctane x x y A− + = A1 

THEN 

ln 2arctany x x c= − +  OR 
2arctanex xy A −=

attempt to find c  or A  using 0, 3x y= = (M1) 

ln3 0 2arctan 0 c= − +  OR 
0 2arctan 03 eA −=

ln3c =  OR 3A =    (A1) 

Note:  This A1 should not be awarded if a correct value of c  or A  is preceded by 

incorrect working. 

( )2arctan ln3 2arctane =3ex x x xy − + −= A1 

continued… 
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Question 12 continued 

(ii) ( )0.15 2.58786288...y =

2.58786=  A1 

[7 marks] 

(e) the graph of ( )y f x=  is concave up OR 
2

2

d
0

d

y

x
 (for 0 1x  ) A1 

Note: Allow positive curvature, opening upwards, increasing first derivative. 

hence tangents used (in Euler’s method) give an underestimate, 

so the approximate value for y when 1.5x =  is less than the actual value. R1 

[2 marks] 

Note: R1 is dependent on A1, as well as reference to tangents, in words or on a 

diagram. 

Total [21 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



– 5 – N22/5/MATHX/HP2/ENG/TZ0/XX/M 

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.

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.

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, 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 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 

A GDC is required for this paper, but If you see work that suggests a candidate has used any 
calculator not approved for IB DP examinations (eg CAS enabled devices), 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”



– 7 – N22/5/MATHX/HP2/ENG/TZ0/XX/M 

Section A 

1. (a) 1.01206…, 2.45230…

a =1.01 , b = 2.45 (1.01x + 2.45) A1A1 

[2 marks] 

(b) 0.981464…

0.981r = A1 

Note:  A common error is to enter the data incorrectly into the GDC, and obtain the 
answers 1.01700..., 2.09814... and 0.980888...a b r= = = Some candidates 
may write the 3 sf answers, ie. 1.02, 2.10 and 0.981a b r= = =  or 2 sf 
answers, ie. 1.0, 2.1 and 0.98a b r= = = . In these cases award A0A0 for 
part (a) and A0 for part (b). Even though some values round to an accepted 
answer, they come from incorrect working. 

[1 mark] 

(c) correct substitution of 78 into their regression equation (M1) 

81.3930… , 81.23 from 3 sf answer

81 A1 

[2 marks] 

Total [5 marks] 
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2. (a) ( )0.708519...,0.639580...

( )0.709,0.640  ( 0.709, 0.640x y= = ) A1A1 

[2 marks] 

(b) 1.09885...

1.10x =  (accept ( )1.10,0 ) A1 

[1 mark] 

(c) METHOD 1

( )
2

0
f x dx∫ (A1) 

4.61117...  

area = 4.61 A2 

METHOD 2 

( )
2

1.09885...
f x dx−∫  OR ( )

2

1.09885...
f x dx∫  OR 4.17527… (A1) 

( ) ( )
1.09885... 2

0 1.09885...
f x dx f x dx−∫ ∫  OR 0.435901… + 4.17527… (A1) 

4.61117...  

area = 4.61 A1 

[3 marks] 

Total [6 marks] 
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3. 386.4 50r= (A1) 

 3
86.41.2
50

r
 

= = 
 

 seen anywhere (A1) 

( ) ( )50 1.2 1
33500 OR 250 1.2 1 33500

0.2

n
n−

> − =  (A1) 

attempt to solve their geometric nS  inequality or equation (M1) 

sketch OR 26.9045, 26.9n n> =  OR 26 28368.8S =  OR 27 34092.6S =  OR algebraic 

manipulation involving logarithms 

27n =  (accept 27n ≥ ) A1 

Total [5 marks] 
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4. recognition that initial population is 15000  (seen anywhere) (A1) 

( )0 15000P =  OR 0.11 15000×  OR 0.89 15000×

population after 11% decrease is ( )15000 0.89 13350× = (A1) 

recognizing that 8t = on 1 January 2022 (seen anywhere) (A1) 

substitution of their value of t  for 1 January 2022 and their value of ( )8P  into the

model (M1) 

815000 0.89 15000e k× =  OR 813350 15000e k=

ln 0.89 ( 0.014566)
8

k = − (A1) 

substitution of 2041 2014( 27)t = − = and their value for k into the model (M1) 

0.0145... 27(27) 15000P e− ×=

10122.3…

(27) 10100P = (10122) A1 

Total [7 marks] 
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5. 

Note: Do not award any marks if there is clear evidence of adding instead of 
multiplying, for example 9 9( ) (1)r r

rC ax −+ + . 

valid approach for expansion (must be the product of a binomial coefficient with 9n =  

and a power of ax ) (M1) 

9 9 9 9 9 0 9 9 1 8
9 0 1( ) (1) OR ( ) (1) OR ( ) (1) ( ) (1) ...r r r r

r rC ax C ax C ax C ax− −
− + +  

recognizing that the term in 6x  is needed (M1) 

6
4

2
Term in 

21
x kx

x
= OR 6  OR 3 OR 9 6r r r= = − =

correct term or coefficient in binomial expansion (seen anywhere) (A1) 

( )9 6 3 9 6 6 6 6 6
6 3( ) (1) OR OR 84 (1) OR 84C ax C a x a x a

EITHER 

correct term in 4x or coefficient (may be seen in equation) (A1) 

9
6 46

21
C a x  OR  6 4 64 OR 4a x a

Set their term in 4x or coefficient of 4x equal to 5 48
7

a x or 58
7

a  (do not accept other 

powers of x) (M1) 

9
6 4 5 4 6 53 8 8OR 4

21 7 7
C a x a x a a= =

continued… 
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Question 5 continued 

OR 

correct term in 6x or coefficient of 6x  (may be seen in equation) (A1) 

6 6 684 OR 84a x a  

Set their term in 6x or coefficient of 6x equal to 5 624a x or 524a
(do not accept other powers of x) (M1) 

6 6 5 684 24 OR 84 24a x a x a= =  

THEN 

( )2 0.286 0.285714...
7

a = ≈ A1 

Note: Award A0 for the final mark for 2
7

a =  and 0a = . 

Total [6 marks] 
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6. (a)
0

e d 1
b

xax x =∫  (seen anywhere) M1 

attempt to use integration by parts (either way around) (M1) 

( )
0

0

e e d 1
b

bx xax a x  − =  ∫ (A1) 

( )
0 0

e e 1
b bx xax a   − =    A1 

Note:  Condone incorrect or absent limits up to this point. 

e e 1b bab a a− + =  

1
e e 1b ba

b
=

− +
A1 

[5 marks] 

(b) 
0

1e d
2

m
xx x =∫ (M1) 

0 0

1e e
2

x xm m
x   − =   

1e e 1
2

m mm − + = (A1) 

0.768039...m =  

0.768m =  A1 

[3 marks] 

  Total [8 marks] 
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7. (a) METHOD 1

attempt to use scalar product or formula for angle between two vectors (M1) 

1 1cos sin
n n

= +u .v (seen anywhere) (A1) 

2 2

1 1 1 1cos sin cos sin
cos

21 12 cos sin

n n n n

n n

θ

 + + 
= = 

   +    

A1 

METHOD 2 

attempt to use an Argand diagram showing two complex numbers in the first 

quadrant with the angle between them marked as θ   (M1) 

( ) πarg
4

=u  (accept 45   or arctan(1) ) and ( ) 1arg
n

=v (A1) 

π 1cos cos
4 n

θ = − A1 

continued… 
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Question 7 continued 

(b) use of 1 0
n

→  as n → ∞ (M1) 

EITHER 

( ) 1cos
2

θ → (A1) 

OR 

( )→v i (A1) 

THEN 

the limit is π
4

A1 

Note:  Accept 45°.  Do not accept rounded values such as 0.785.  

[3 marks] 

Total [6 marks] 
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8. EITHER

2d 10π π
d
V h h
h

 = − 
 

 (A1) 

Note: This A1 may be implied by the value d 76.5616...
d
V
h

=  . 

attempt to use chain rule to find a relationship between d
d
h
t

, d
d
V
t

and d
d
V
h

(M1) 

d d d 1 d
dd d d d
d

h h V V
Vt V t t
h

 
 
 = × = ×

  
    

 

OR 

attempt to differentiate 32 15π π
3

V h h= −  throughout with respect to t (M1) 

2d d d10π π
d d d
V h hh h
t t t

= − (A1) 

continued… 
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Question 8 continued 

THEN 

( )2 2d10π π
d
hh h
t

− =  OR 2
d 2
d 10π π
h
t h h

=
−

(A1) 

Note: Award this A1 if the correct expression is seen with their h already 
substituted. 

attempt to solve 2 31200 5π π
3

h h= − (M1) 

4.20648...h =  (A1) 

Note: This (M1)(A1) can be awarded independently of all previous marks, and may 

be implied by the value d 76.5616...
d
V
h

=

Ignore extra values of h  -3.24 and 14.0. 

d 0.0261227...
d
h
t

=

( )1d 0.0261 cms
d
h
t

−= A1 

[6 marks] 
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9. (a) (i) attempt to use the cosine rule (M1) 

( )2 2AC 2 4 2(2)(4)cos 20 16cos 2 5 4cosα α α= + − = − = −  A1 

(ii) ( )2 2AC 6 8 2(6)(8)cos 100 96cos 2 25 24cosβ β β= + − = − = −  A1 

(iii) 5 4cos 25 24cosα β− = −  

( )arccos 6cos 5α β= −  A1 

 [4 marks] 

(b) attempt to find the sum of two triangle areas using 1 sin
2

A ab C= (M1) 

Note: Do not award this M1 if the triangle is assumed to be right angled. 

( ) ( )1 1Area 8 sin 48 sin
2 2

α β= +  (A1) 

attempt to express the area in terms of one variable only (M1) 

( )24 1 6cos 5 24sinβ β= − − +  or ( )( )4sin arccos 6cos 5 24sinβ β− +  OR 

25 cos4sin 24 1
6

αα + + −  
 

or 5 cos4sin 24sin arccos
6

αα  + +     
 

Max area = 19.5959… 

= 19.6     A1 

 [4 marks] 

Total [8 marks] 
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Section B 

10. 

Note: Do not penalize for inclusion or non-inclusion of endpoints for probabilities 
using a normal distribution. For example, for ( )P 55 | 40T T< > accept

( )P 55 | 40T T≤ > , ( )P 55 | 40T T≤ ≥ , etc.

(a) recognising to find P( 40)T > (M1) 

P( 40) 0.574136...T > =

P( 40) 0.574T > = A1 

[2 marks] 

(b) attempt to multiply four independent probabilities using their P( 40)T >  and

P( 40)T < (M1) 

( )31 p p− ⋅   OR  ( )31 0.574136... 0.574136...− ⋅   OR  ( )30.425863... 0.574136...⋅  (A1) 

0.0443430...  

0.0443  , 0.0444 from 3 sf values A1 

[3 marks] 

continued… 
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Question 10 continued 

(c) (i) recognizing conditional probability (M1) 

( )P 55 | 40T T< >

Note:  Award (M1) for an expression or description in context. Accept 
( )P 40 | 55T T> < but do not accept just ( )P |A B .

P(40 55)
P( 40)

T
T
< <

>
(A1) 

0.461944...
0.574136...

(A1) 

( )P 55 | 40 0.804590...T T< > =

0.805=  A1 

(ii) recognizing binomial probability (M1) 

B( , )X n p

10n =  and .0.804 .589.p = (A1) 

0.0242111...,0.0240188...using 0.805p =

P( 5) 0.0242X = = A1 

[7 marks] 

continued… 
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Question 10 continued 

(d) Let P( )T a x< =

recognition that probabilities sum to 1 (seen anywhere) (M1) 

EITHER 

expressing the three regions in one variable (M1) 

( ) ( ) ( ) ( )10.904 2 OR P 0.904 2P OR P 0.904 P
2

x x T a T a T b T b+ + < + + < > + + >

OR x  and 2x  correctly indicated on labelled bell diagram 

( ) ( ) ( ) ( )1P 0.904 2P 1 OR P 0.904 P 1
2

T a T a T b T b< + + < = > + + > =  (or 

equivalent) (A1) 

OR 

expressing either P( )T a<  or P( )T b>  only in terms of P( )a T b≤ ≤  (M1) 

( ) ( ) ( ) ( )1 2P( ) 1 P( )  OR P( ) 1 P( )
3 3

T a a T b T b a T b< = − ≤ ≤ > = ⋅ − ≤ ≤

( )( )1 1 0.904 0.032
3

x = − =  OR ( )( )2P( ) 1 0.904 0.064
3

T b> = − = (A1) 

THEN 

P( ) 0.032T a< =  

22.18167...a =  

22.2a =  (accept 22.1) A1 

 [4 marks] 

Total [16 marks] 
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11. (a) attempt to use product rule (M1) 

( ) ( )( )2 2 2( ) 3e 2e 3 4 e 6 5x x xf x x x′ = + − = − A2 

Note: Award A1 for 2 out of 3 of 2 23e , 6 ex xx  and 28e x− seen or implied. 

[3 marks] 

(b) ( ) 1f x′ = (M1) 

0.86299...x =

0.863x = A1 

7.92719...y = −

7.93y = − A1 

( )0.863, 7.93−

[3 marks] 

(c) x -intercept is at ( )4 1.33
3

(A1) 

attempt to use formula for volume of revolution (M1) 

Note:  Award (M1) for an integral involving π and ( )2( )f x . Condone use of  2π  and
incorrect or absent limits. 

( )( )2

0

4
3 2

4π e 3 dx x x−∫ (A1) 

Note:  This (A1) can be awarded if the dx  is omitted. 

164.849...=  

165= A1 

[4 marks] 

continued… 
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Question 11 continued 

(d) (i) attempt to compose functions in the correct order (M1) 

( )( ) ( )0 (0) (1)f g f g f= =

7.38905...= −  

( )27.39 e= − = − A1 

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

( ) ( ) ( )( ) ( )0 0 0f g f g g′ ′ ′=

Note: For this (M1) to be awarded, multiplication of two derivatives should be seen 
or implied. 

( )( )2 1 2 7.38905...f ′= = ×  (A1) 

14.7781...=  

( )214.8 2e= = A1 

[5 marks] 

Total [15 marks] 
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12. 

(a) 
1 4

4 ,A 2
2 1

B AC
k

→ →
−   

   = − = −   
   − −   

 A1A1 

[2 marks] 

(b) METHOD 1

1 2 4k − = × M1 

9k = AG 

METHOD 2 

in order by y or z-ordinate, the points are ( k , −2, 1), (5, 0, 2) (1, 2, 3) 

5 5 1k − = −  M1 

9k =   AG 

[1 mark] 

continued… 
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Question 12 continued 

(c) (i) attempt to set up a vector equation using a point, a parameter and a

direction vector (M1) 

1 4
2 2
3 1

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

r  (or equivalent) A1 

Note:  “ r = ” or equivalent must be seen for A1. 

continued… 
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Question 12 continued 

(ii) METHOD 1

point on line 1L  has coordinates ( )1 4 ,2 2 ,3λ λ λ+ − −  

attempt to use a different parameter for 2L (M1) 

1 1
2 3

x y z µ−
= = − =  or 

1

21
0 3
1

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

r  

point on line 2L  has coordinates ( )1 2 ,3 ,1µ µ µ+ −  (A1) 

Note:  This A1 may be implied by 
1

21
0 3
1

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

r . 

1 4 1 2λ µ+ = +  

2 2 3λ µ− =  

3 1λ µ− = −  

any two of the above equations A1 

attempt to solve two simultaneous equations with two parameters (M1) 

eg 0.25λ = , 0.5µ =  or 1.6λ = , 0.4µ = −  or 2λ = − , 4µ = −  A1 

substitute into third equation or solve a different pair of simultaneous 

equations M1 

obtain contradiction eg 3 0.25 1 0.5− ≠ −  or 1 4(1.6) 1 2( 0.4)+ ≠ + −  or

( )2 2 2 3( 4)− − ≠ −  (so the lines do not intersect) R1 

Note:  Do not award this R1 if it is based on incorrect values. 

lines are not parallel R1 

so lines are skew AG 

continued… 
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Question 12 continued 

METHOD 2 

point on line 1L  has coordinates ( )1 4 ,2 2 ,3λ λ λ+ − −  

attempt to use the equation of 2L  to generate at least two equations in λ  (M1) 

if the two lines intersect, 

( )1 4 1 2 2 2 22
2 3 3
λ λ λλ

+ − − − = ⇒ = 
 

 

( ) ( )( )1 4 1
1 3 2 2

2
λ

λ λ λ
+ −

= − − ⇒ = −

( )2 2 2 21 3 2
3 3

λ λλ λ− − = − − ⇒ = − 
 

 

any two of the above equations A1A1 

attempt to solve at least one equation in λ  (M1) 

one of 1
4

λ = , 2λ = − , 8
5

λ =  seen A1 

substitute into second equation or solve second equation M1 

obtain contradiction eg 1 2
4

λ = ≠ −  or 
1 12 2
4 4

  ≠ − 
 

 (so the lines do not 

intersect) R1 

Note:  Do not award this R1 if it is based on incorrect values. 

lines are not parallel R1 

so lines are skew AG 

continued… 
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Question 12 continued 

METHOD 3 

attempt to use a find Cartesian equation for 1L  (M1) 

1 3
14 2

2x y z
−

− − −
= =

−
A1 

attempt to isolate one variable in both equations (M1) 

1 4
21:

2
3 3yL xz =

− −
= + +    2

1 1 1
2 3

: x yL z − −
= + = +     OR

( )1
1: 2

2
2 3 2L zxy ==

−
+ − + 2

3( 1) )1
2

: 3( zy xL = −
−

=   OR 

1 1 2( 2) 3): 1 4(L x y z= −= − − − 2
2 1 1)1 2
3

: (yL zx = −= + − A1 

attempt to solve for each of the other two variables (M1) 

e.g. 1 11 3
42

x x− −
+ = +  and 2 3

3 2
1y y− −

+ = +    

7x = − , 1.2y = −  OR 2x = , 1.4z =  OR 1.5y = , 5z =  A1 

obtain contradiction eg 5 1.4z = ≠  OR 1.5 1.2y = ≠ − OR 2 7x = ≠ −  

(so the lines do not intersect) R1 

Note:  Do not award this R1 if it is based on incorrect values. 

lines are not parallel R1 

so lines are skew AG 

[10 marks] 

continued… 
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Question 12 continued 

(d) (i) METHOD 1

attempt to find cross product of two of AB, AC and BC
→ → →

or their opposites M1 

eg ( )
0 0

AB AC 9 9 1
18 2 2

k k
k

→ →
    
    × = − = −    

    − −    

 A1 

attempt to substitute their cross product and a point into the equation of a 

plane (M1) 

( ) ( ) ( ) ( )9 2 9 2 9 6 9k y k z k k− + − = − + −

( ) ( )9 2 9 36 4k y k z k− + − = − ( )2 4 since 9y z k⇒ − = − ≠ A1 

METHOD 2 

attempt to find vector equation of Π  and write ,  and x y z  in parametric 

form M1 

1 1 4
2 4 2
3 2 1

k
λ µ

      
      = + + ⇒      

      −     

−
−



−
−

r 1 ( 1) 4x kλ µ= + − + , 2 4 2y λ µ= − − , 

3 2z λ µ= − −  or equivalent A1 

attempt to eliminate both parameters to work towards Cartesian form M1 

( ) ( )9 2 9 36 4k y k z k− + − = − ( )2 4 since 9y z k⇒ − = − ≠ A1 

continued… 
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Question 12 continued 

(ii) METHOD 1

attempt to find the equation of the line through (0, 0, 0) perpendicular

to the plane (M1) 

EITHER

( )
0
1
2

t
 
 =  
 − 

r  (A1) 

attempt to find the point where the line and plane intersect (M1) 

4 4 0t t+ + =  

4
5

t = − (A1) 

OR 

( )
0

( 9) 1
2

t k
 
 = −  
 − 

r  (A1) 

attempt to find the point where the line and plane intersect (M1) 

2 2( 9) 4 ( 9) 4( 9) 0t k t k k− + − + − =  

( )
4

5 9
t

k
= −

−
(A1) 

THEN 

so the point on the plane closest to the origin is ( 0 , 0.8− , 1.6 ) A1 

continued… 
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Question 12 continued 

METHOD 2 

choose a point on the plane ( p , q , r ) 

2 4 0 OR ( 9) 2 ( 9) 4( 9) 0 2 4q r q k r k k q r− + = − − − + − = ⇒ = −  

distance to the origin is ( )22 22 4p r r+ − + (A1) 

since p is independent of r, distance is minimised when 0p =  (R1) 

attempt to find the value of r for which their ( )2 22 4r r− +  is minimised (M1) 

  1.6r =  (A1) 

so the point on the plane closest to the origin is ( 0 , 0.8− , 1.6 ) A1 

continued… 
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Question 12 continued 

METHOD 3 

attempt to find a vector from the origin to the closest point on the plane (M1) 

EITHER 

( )
0
1
2

t
 
 =  
 − 

r  (A1) 

distance to the origin 
( )22

4 4 4 5
52 51

 
 = =
 
 −

=
+

(A1) 

4
5

t = ±

check in equation of plane 2 4y z− = −  to get 4
5

t = − (R1) 

OR 

( ) ( )
0

9 1
2

t k
 
 = −  
 − 

r  (A1) 

distance to the origin 
( )22

4 4 4 5
52 51

 
 = =
 
 −

=
+

(A1) 

( )
4

5 9
t

k
= ±

−

check in equation of plane 2 4y z− = −  to get 
( )

4
5 9

t
k

= −
−

(R1) 

THEN 

so the point on the plane closest to the origin is ( 0 , 0.8− , 1.6 ) A1 

[9 marks] 

Total [22 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.

• 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
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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 

A GDC is required for this paper, but If you see work that suggests a candidate has used 
any calculator not approved for IB DP examinations (eg CAS enabled devices), 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) EITHER 

uses the cosine rule (M1) 

2 2 2AB 5 5 2 5 5 cos1.9= + −     (A1) 

OR 

uses right-angled trigonometry (M1) 

AB

2 sin 0.95
5

= (A1) 

OR 

uses the sine rule (M1) 

( )( )
1

π 1.9 0.6207...
2

 = − =

AB 5

sin1.9 sin0.6207...
= (A1) 

THEN 

AB 8.1341...=  

AB 8.13=  (m) A1 

[3 marks] 

continued… 
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Question 1 continued 

(b) let the shaded area be A  

METHOD 1

Attempt at finding reflex angle (M1) 

( )ˆAOB 2π 1.9 4.3831...= − =

substitution into area formula (A1) 

21
5 4.3831...

2
A =   OR ( )22π 1.9

π 5
2π

− 
 

 

54.7898...=

54.8= (m2) A1 

METHOD 2 

let the area of the circle be 
CA and the area of the unshaded sector be 

UA

C UA A A= − (M1) 

( )2 21
π 5 5 1.9 78.5398... 23.75

2
A =  −   = − (A1) 

54.7898...=

54.8=  (m2) A1 

[3 marks] 

Total [6 marks] 
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2. METHOD 1

recognises that ( ) ( )23 5e dxg x x x= + (M1) 

( ) ( )3+5exg x x C= +  (A1)(A1) 

Note: Award A1 for each integrated term. 

substitutes 0x =  and 4y = into their integrated function (must involve C+ ) (M1) 

4 0 5 1C C= + +  = −  

( ) 3+5e 1xg x x= − A1 

METHOD 2 

attempts to write both sides in the form of a definite integral (M1) 

( )2

0 0

g'( ) d 3 5e  d

x x

tt t t t= +  (A1) 

3 0( ) 4 5e 5exg x x− = + − (A1)(A1) 

Note: Award A1 for ( ) 4g x −  and A1 for
3 05e 5exx + − . 

( ) 3+5e 1xg x x= − A1 

[5 marks] 
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3. ( ) ( ) ( ) ( )P P P P 0.68A B A B A B = + −  =

substitution of ( ) ( )P PA B  for ( )P A B in ( )P A B (M1) 

( ) ( ) ( ) ( ) ( )P P P P  0.68A B A B+ − =

substitution of ( )3P B for ( )P A (M1) 

( ) ( ) ( ) ( )3P P 3P P 0.68B B B B+ − = (or equivalent) (A1) 

Note: The first two marks are independent of each other. 

attempts to solve their quadratic equation (M1) 

( )
1 17

P 0.2, 1.133... ,
5 15

B
 

=  
 

( )
1

P 0.2
5

B
 

= = 
 

A2 

Note: Award A1 if both answers are given as final answers for ( )P B .

[6 marks] 
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4. (a) 0.28 (s) A1 

[1 mark] 

(b) ( )IQR 0.35 0.27 0.08= − = (s) (A1) 

substituting their IQR into correct expression for upper fence  (A1) 

( )0.35 1.5 0.08 0.47+  = (s)

0.46 0.47 R1 

so 0.46 (s) is not an outlier AG 

[3 marks] 

(c) EITHER

the median is closer to the lower quartile (positively skewed) R1 

OR

the distribution is positively skewed R1 

OR

the range of reaction times below the median is smaller than the range of reaction
times above the median R1 

Note: These are sample answers from a range of acceptable correct answers. 
Award R1 for any correct statement that explains this. 

Do not award R1 if there is also an incorrect statement, even if another 
statement in the answer is correct. Accept a correctly and clearly labelled 
diagram. 

[1 mark] 

continued… 
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Question 4 continued 

(d) EITHER

the distribution for ‘not sleeping well’ is centred at a higher reaction time R1 

OR 

the median reaction time after not sleeping well is equal to the upper quartile 
reaction time after sleeping well R1 

OR 

75% of reaction times are <0.35 seconds after sleeping well, compared with 

50% after not sleeping well R1 

OR 
the sample size of 9 is too small to draw any conclusions R1 

Note: These are sample answers from a range of acceptable correct answers. 
Accept any relevant correct statement that relates to the median and/or 
quartiles shown in the box plots. Do not accept a comparison of 
means.  

Do not award R1 if there is also an incorrect statement, even if another 
statement in the answer is correct 

Award R0 to “correlation does not imply causation”. 

[1 mark] 

Total [6 marks] 
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5. (a) recognises the need to find the value of t  when 0v =  (M1) 

π
1.5707... 

2
t

 
= = 

 

π
1.57 

2
t

 
= = 

 
(s) A1 

[2 marks] 

(b) recognises that ( ) '( )a t v t= (M1) 

1 2.2627...t = , 
2 2.9573...t =

1 2.26t = , 
2 2.96t =  (s) A1A1 

Note: Award M1A1A0 if the two correct answers are given with additional values 

outside 0 3t  . 

[3 marks] 

(c) speed is greatest at 3t =  (A1) 

1.8377...a = −  

1.84a = −  (m s-2) A1 

 [2 marks] 

Total [7 marks] 
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6. attempts to express
2x in terms of y (M1) 

( )
24 4

π 36 1  d
16

h

y
V y

 −
= − 

 
 

  A1 

Note: Correct limits are required. 

Attempts to solve 
( )

24 4
π 36 1  d 285

16
h

y
y

 −
− = 

 
 

 for h (M1) 

Note: Award M1 for attempting to solve 
3 2 8

36π 285
48 4 3

h h 
− + = 

 
 or equivalent 

for h . 

0.7926...h =

0.793h =  (cm) A2 

[5 marks] 
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7. (a) (as 
2

0
lim 0
x

x
→

= , the indeterminate form 
0

0
 is required for the limit to exist) 

( )( )
0

lim arctan cos 0
x

x k
→

 − = M1 

( )arctan1 0 arctan1k k− = = A1 

so 
π

4
k = AG 

Note: Award M1A0 for using 
π

4
k =  to show the limit is 

0

0
. 

[2 marks] 

continued… 
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Question 7 continued 

(b) 
( )

20

π
arctan cos

04lim
0x

x

x→

−
 
= 
 

2

0

sin

1 coslim
2x

x

x

x→

−

+= A1A1 

Note: Award A1 for a correct numerator and A1 for a correct denominator. 

recognises to apply l’Hôpital’s rule again (M1) 

2

0

sin
01 coslim  

2 0x

x

x

x→

−

 += = 
 

Note: Award M0 if their limit is not the indeterminate form 
0

0
. 

EITHER 

( )

( )

2 2

2
2

0

cos 1 cos 2sin cos

1 cos
lim

2x

x x x x

x

→

− + −

+
= A1A1 

Note: Award A1 for a correct first term in the numerator and A1 for a correct 
second term in the numerator. 

OR 

( )20

cos
lim

2 1 cos 4 sin cosx

x

x x x x→

−

+ −
A1A1 

Note: Award A1 for a correct numerator and A1 for a correct denominator. 

THEN 

substitutes 0x =  into the correct expression to evaluate the limit A1 

Note: The final A1 is dependent on all previous marks. 

1

4
= − AG 

[6 marks] 

Total [8 marks] 
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8. Rachel: ( )2N 56.5,3R

( )P 60 0.1216...R  = (A1) 

Sophia: ( )2~ N 57.5,1.8S

( )P 60 0.0824...S  = (A1) 

recognises binomial distribution with 5n =  (M1) 

let 
RN represent the number of Rachel’s throws that are longer than 60 metres

( )~ B 5,0.1216...RN

either ( )P 1 0.4772...RN  = or ( )P 0 0.5227...RN = = (A1) 

let 
SN represent the number of Sophia’s throws that are longer than 60 metres 

( )~ B 5,0.0824...SN

either ( )P 1 0.3495...SN  =  or ( )P 0 0.6504...SN = = (A1) 

EITHER 

uses ( ) ( ) ( ) ( )P 1 P 0 P 1 P 0R S S RN N N N = +  = (M1) 

( ) ( ) ( )P one of Rachel or Sophia qualify 0.4772... 0.6504... 0.3495... 0.5227...=  + 

OR 

uses ( ) ( ) ( ) ( )P 1 P 1 2 P 1 P 1R S R SN N N N +  −     (M1) 

( )P one of Rachel or Sophia qualify 0.4772... 0.3495... 2 0.4772... 0.3495...= + −  

THEN 

0.4931...=

0.493= A1 

[7 marks] 

Note: M marks are not dependent on the previous A marks. 



– 19 – M22/5/MATHX/HP2/ENG/TZ2/XX/M 

9. (a) ( )9

59 9 8 7 6 5 9 P     =  (M1) 

9!
136080 9

4!

 
= =  

 
A1 

Note: Award M1A0 for 
10

6

10!
10 9 8 7 6 5 151200 

4!
P

 
     = = = 

 
. 

Note: Award M1A0 for 
9

6 60480P =  

[2 marks] 

(b) METHOD 1

EITHER

every unordered subset of 6  digits from the set of 9  non-zero digits can be

arranged in exactly one way into a 6-digit number with the digits in increasing order. A1 

OR 

( )9

6 1C  A1 

THEN 

84= A1 

METHOD 2 

EITHER 

removes 3  digits from the set of 9  non-zero digits and these 6  remaining digits can 

be arranged in exactly one way into a 6-digit number with the digits in increasing 

order. A1 

OR 

( )9

3 1C  A1 

THEN 

84= A1 

[2 marks] 

Total [4 marks] 
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Section B 

10. (a) (i) 32 (cm) A1 

(ii) ( ) ( )0 sin 6 27Ah = + (M1) 

26.7205...=

26.7= (cm) A1 

[3 marks] 

(b) attempts to solve ( ) ( )A Bh t h t= for t (M1) 

4.0074...,4.7034...,5.88332...t =

4.01,4.70,5.88t =  (weeks) A2 

[3 marks] 

(c) ( ) ( ) ( )sin 2 6 5A Bh t h t t t− = + + − A1 

EITHER 

for 6t  , 5 1t −   A1 

and as ( )sin 2 6 1t +  − ( ) ( ) 0A Bh t h t −  R1 

OR 

the minimum value of ( )sin 2 6 1t + = − R1 

so for 6t  , ( ) ( ) 6 0A Bh t h t t− = −   A1 

THEN 

hence for 6t  , Plant A was always taller than Plant B AG 

[3 marks] 

continued… 
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Question 10 continued 

(d) recognises that ( )Ah t and ( )Bh t  are required (M1) 

attempts to solve ( ) ( )A Bh t h t = for t  (M1) 

1.18879... and 2.23598... OR 4.33038... and 5.37758... OR 7.47197... and 8.51917...t = (A1) 

Note: Award full marks for 
4π 5π 7π 8π 10π 11π

3, 3, 3, 3, 3, 3
3 3 3 3 3 3

t
 

= − − − − − − 
 

. 

Award subsequent marks for correct use of these exact values. 

1.18879... 2.23598...t  OR 4.33038... 5.37758...t  OR 

7.47197... 8.51917...t  (A1) 

attempts to calculate the total amount of time (M1) 

( )
5π 4π

3 2.2359... 1.1887... 3 3 3
3 3

     
− = − − −     

     

( )3.14 π= = (weeks) A1 

[6 marks] 

Total [15 marks] 
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11. (a) let   be the required angle (bearing) 

EITHER 

( )
1

90 arctan arctan 2
2

 = − = (M1) 

Note: Award M1 for a labelled sketch. 

OR 

0 4

1 2 1
cos  0.4472...,

1 20 5


   
   

    = = = 
  

(M1) 

( )arccos 0.4472... =

THEN 

063 A1 

Note: Do not accept 063.4  or 63.4  or 1.10 .c  

[2 marks] 

(b) Method 1

let Ab  be the speed of A  and let Bb be the speed of B

attempts to find the speed of one of A  or B (M1) 

( )
2 2 26 2 4= − + +Ab  or ( )

22 24 2 2= + + −Bb

Note: Award M0 for ( )
22 219 1 1= + − +Ab  and 2 2 21 0 12= + +Bb . 

( )7.48... 56= =Ab  (km min-1) and ( )4.89... 24= =Bb  (km min-1) A1 

A Bb b so A travels at a greater speed than B AG 

[2 marks] 

continued… 
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Question 11 continued 

Method 2 

attempts to use 
distance

speed
time

=

2 1 2 1

2 1 2 1

( ) ( ) ( ) ( )
speed and speedA A B B

A B

r t r t r t r t

t t t t

− −
= =

− −
(M1) 

for example: 

(1) (0) (1) (0)
speed and speed

1 1

A A B B

A B

r r r r− −
= =

2 2 2 2 2 2( 6) 2 4 4 2 2
speed and speed

1 1
A B

− + + + +
= =

( ) ( )speed 7.48... 2 14 and speed 4.89... 24A B= = A1 

speed speedA B so A travels at a greater speed than B AG 

[2 marks] 

continued… 
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Question 11 continued 

(c) attempts to use the angle between two direction vectors formula (M1) 

( )( ) ( )( ) ( )( )

( ) ( )
2 22 2 2 2

6 4 2 2 4 2
cos

6 2 4 4 2 2


− + + −
=

− + + + + −

(A1) 

7
cos 0.7637... 

84


 
= − = − 

 
or ( ) ( )arccos 0.7637... 2.4399... = − =

attempts to find the acute angle 180 −  using their value of   (M1) 

40.2=   A1 

[4 marks] 

continued… 
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Question 11 continued 

(d) (i) for example, sets ( ) ( )1 2t t=A Br r and forms at least two equations (M1) 

1 219 6 1 4t t− = +

1 21 2 2t t− + =

1 21 4 12 2t t+ = −

Note: Award M0 for equations involving t  only. 

EITHER 

attempts to solve the system of equations for one of 1t or 2t (M1) 

1 2t = or 2

3

2
t = A1 

OR 

attempts to solve the system of equations for 1t and 2t (M1) 

1 2t = and 2

3

2
t = A1 

THEN 

substitutes their 1t or 2t  value into the corresponding Ar or Br (M1) 

( )P 7,3,9 A1 

Note: Accept 

7

OP 3

9

→
 
 

=  
 
 

. Accept 7  km east of O , 3  km north of O  and 9  km 

above sea level. 

continued… 
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Question 11 continued 

(ii) attempts to find the value of 1 2t t−  (M1) 

1 2

3
2

2
t t− = −

0.5 minutes (30  seconds) A1 

[7 marks] 

continued… 
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Question 11 continued 

(e) EITHER

attempts to find −B Ar r (M1) 

18 10

1 0

11 6

t

−   
   

− = +   
   −   

B Ar r

attempts to find their ( )D t (M1) 

( ) ( ) ( )
2 2

10 18 1 11 6D t t t= − + + − A1 

OR 

attempts to find −A Br r (M1) 

18 10

1 0

11 6

t

−   
   

− = − +   
   −   

A Br r

attempts to find their ( )D t (M1) 

( ) ( ) ( ) ( )
2 2 2

18 10 1 11 6D t t t= − + − + − + A1 

Note: Award M0M0A0 for expressions using two different time parameters. 

THEN 

either attempts to find the local minimum point of ( )D t  or attempts to find the value

of t  such that ( ) 0D t =  (or equivalent) (M1) 

123
1.8088... 

68
t

 
= = 

 

( ) 1.01459...D t =

minimum value of ( )D t  is 
1190

1.01 
34

 
= 
 

(km) A1 

[5 marks] 

Note: Award M0 for attempts at the shortest distance between two lines. 

Total [20 marks] 
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12. (a) rate of growth (change) of the (marsupial) population (with respect to time) A1 

[1 mark] 

Note: Do not accept growth (change) in the (marsupials) population per year. 

(b) METHOD 1

attempts implicit differentiation on 
2d

d

P kP
kP

t N
= − by expanding 1

P
kP

N

 
− 

 
(M1) 

2

2

d d d
2

d d d

P P kP P
k

t t N t
= − A1A1 

d 2
1

d

P P
k

t N

 
= − 

 
A1 

d
1

d

P P
kP

t N

 
= − 

 
and so

2
2

2

d 2
1 1

d

P P P
k P

t N N

  
= − −  

  
AG 

METHOD 2 

attempts implicit differentiation (product rule) on 
d

1
d

P P
kP

t N

 
= − 

 
M1 

2

2

d d 1 d
1

d d d

P P P P
k kP

t t N N t

    
= − + −    

    
A1 

substitutes 
d

1
d

P P
kP

t N

 
= − 

 
into their 

2

2

d

d

P

t
M1 

2

2

d 1
1 1 1

d

P P P P
k kP kP kP

t N N N N

          
= − − + − −          

          

2

2 21 1
P P P

k P k P
N N N

    
= − − −    

    

2 1 1
P P P

k P
N N N

  
= − − −  

  
A1 

so 

2
2

2

d 2
1 1

d

P P P
k P

t N N

  
= − −  

  
AG 

[4 marks] 

continued… 
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Question 12 continued 

(c) 

2
2

2

d 2
0 1 1 0

d

P P P
k P

t N N

  
=  − − =  

  
(M1) 

0, ,
2

N
P N= A2 

Note: Award A1 for 
2

N
P =  only. 

uses the second derivative to show that concavity changes at 
2

N
P = or the first derivative 

to show a local maximum at 
2

N
P = M1 

EITHER 

a clearly labelled correct sketch of 
2

2

d

d

P

t
versus P  showing

2

N
P =  corresponding to 

a local maximum point for 
d

d

P

t
R1 

OR 

a correct and clearly labelled sign diagram (table) showing 
2

N
P =  corresponding to 

a local maximum point for 
d

d

P

t
R1 

continued… 
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Question 12 continued 

OR 

for example, ( )
2 2

2

d 3
0

d 32

P k N

t
=  with 

4

N
P =  and ( )

2 2

2

d 3
0

d 32

P k N

t
= −   with 

3

4

N
P =

showing 
2

N
P =  corresponds to a local maximum point for 

d

d

P

t
R1 

so the population is increasing at its maximum rate when 
2

N
P = AG 

[5 marks] 

(d) substitutes
2

N
P =  into 

d

d

P

t
(M1) 

d 21
d 2

N
P N

k
t N

 
  

= −  
  

 

the maximum value of 
d

d

P

t
 is 

4

kN
A1 

[2 marks] 

continued… 
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Question 12 continued 

(e) METHOD 1

attempts to separate variables M1 

( )
d  d

N
P k t

P N P
=

− 

attempts to write 
( )

N

P N P−
 in partial fractions form M1 

( ) ( )
( )

N A B
N A N P BP

P N P P N P
 +   − +

− −

1A= , 1B = A1 

( ) ( )
1 1N

P N P P N P
 +

− −

( )
1 1

d  dP k t
P N P

 
+ =  − 

 

( ) ( )ln lnP N P kt C − − = + A1A1 

Note: Award A1 for ( )ln N P− − and A1 for ln P and ( )kt C+ . Absolute value 

signs are not required. 

attempts to find C  in terms of N  and 0P M1 

when 0t = , 0P P=  and so ( )0 0ln lnC P N P= − −

0

0

ln ln
P P

kt
N P N P

  
= −   

− −    0

0

ln

P

N P
P

N P

  
  

−  =
  

  −  

A1 

so 0

0

ln
P N P

kt
P N P

− 
=  

− 
AG 

[7 marks] 

continued… 
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Question 12 continued 

METHOD 2 

attempts to separate variables M1 

1
d  d

1

P k t
P

P
N

=
 
− 

 

 

attempts to write 
1

1
P

P
N

 
− 

 

 in partial fractions form M1 

1
1 1

11

A B P
A BP

PP P N
P

NN

 
 +   − + 

   −− 
 

1A= , 
1

B
N

= A1 

1 1 1

1 1
P PP

P N
N N

 +
   
− −   

   

1 1
d  d

1

P k t
PP

N
N

+ =
 
− 

 

 

( )ln ln 1
P

P kt C
N

 
 − − = + 

 
A1A1 

Note: Award A1 for ln 1
P

N

 
− − 

 
and A1 for ln P  and ( )kt C+ . Absolute value 

signs are not required. 

continued… 
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Question 12 continued 

ln ln

1

P NP
kt C kt C

P N P

N

 
   

= +  = +   
−  −

 

attempts to find C  in terms of N  and 0P M1 

when 0t = , 0P P=  and so 0

0

ln
NP

C
N P

 
=  

− 

0

0

ln ln
NP NP

kt
N P N P

  
= −   

− −    0

0

ln

P

N P
P

N P

  
  

−  =
  

  −  

A1 

0

0

ln
P N P

kt
P N P

− 
=  

− 
AG 

[7 marks] 

continued… 



– 34 – M22/5/MATHX/HP2/ENG/TZ2/XX/M 

Question 12 continued 

METHOD 3 

lets 
1

u
P

=  and forms 
2

d 1 d

d d

u P

t P t
= − M1 

multiplies both sides of the differential equation by 
2

1

P
− and makes the above

substitutions M1 

2

1 d 1 1 d 1

d d

P u
k k u

P t N P t N

   
− = −  = −   

   

d

d

u k
ku

t N
+ = (linear first-order DE) A1 

 d

IF e e
k t kt= =

d
e e e

d

kt kt ktu k
k u

t N
 + = (M1) 

( )
d

e e
d

kt ktk
u

t N
=

( ) ( )
1 1 1

e e e ekt kt kt ktu C C
N P N

 
= + = + 

 
A1 

attempts to find C  in terms of N  and 0P M1 

when 0t = , 0P P= , 
0

1
u

P
=  and so 0

0 0

1 1 N P
C

P N NP

 −
= − = 

 

0

0

ekt N P N P

NP NP

− − 
= 

 

0

0

ekt P N P

N P P

 − 
=   

−  
A1 

0

0

ln
P N P

kt
P N P

− 
=  

− 
AG 

[7 marks] 

continued… 
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Question 12 continued 

(f) substitutes 10t = , 
03P P=  and 

04N P=  into 0

0

ln
P N P

kt
P N P

− 
=  

− 
M1 

( )0 0

0 0

4
10 ln3  ln9

4 3

P P
k

P P

 −
= = 

− 

1 1
0.220 ln9, ln3

10 5
k

 
= = = 

 
A1 

[2 marks] 

Total [21 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.

• 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
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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 

A GDC is required for this paper, but If you see work that suggests a candidate has used 
any calculator not approved for IB DP examinations (eg CAS enabled devices), 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) EITHER 

recognising that half the total frequency is 10 (may be seen in an ordered list or 

indicated on the frequency table) (A1) 

OR 

5 1 4 3 x+ + = + (A1) 

OR 

20f = (A1) 

THEN 

7x = A1 

[2 marks] 

continued… 



– 9 – M22/5/MATHX/HP2/ENG/TZ1/XX/M 

Question 1 continued 

(b) METHOD 1

1.58429…

1.58 A2 

METHOD 2

EITHER

2 2 2 2 2
2 5 (2 4.3) 1 (3 4.3) 4 (4 4.3) 3 (5 4.3) 7 (6 4.3)

( 2.51)
20


− + − +  + − +  −

=
 −

= (A1)

OR 

2 2 2 2 2
2 23 4 5

)
5 2 1 4 3 7

4.3 ( 2.51
6

20


+ + + +
= −

   
= (A1) 

THEN 

2.51 1.58429... = =

= 1.58 A1 

[2 marks] 

Total [4 marks] 
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2. (a) valid approach to find area of segment by finding area of sector – area of triangle (M1) 

2 21 1
sin

2 2
r r  −

2 21 1
(2) (2) sin

2 2
 − (A1) 

area = 2 2sin − A1 

[3 marks] 

(b) EITHER

area of logo = area of rectangle – area of segments (M1) 

4 2 (2 2sin ) 13.45   −  − = (A1) 

OR

area of one segment = ( )
20 13.4

3.3
2

−
= (M1) 

2 2sin 3.3 − = (A1) 

THEN 

2.35672... =

2.36 =  (do not accept an answer in degrees) A1 

Note: Award (M1)(A1)A0 if there is more than one solution. 

Award (M1)(A1FT)A0 if the candidate works in degrees and obtains a 

final answer of 135.030…  

[3 marks] 

Total [6 marks] 
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3. (a)
20.41 0.28 0.46 0.29 2 1k k+ − + + − = OR 

22 0.01 0.13k k− + =   (or equivalent) A1 

22 0.12 0k k− + = AG 

[1 mark] 

(b) one of 0.2 OR 0.3 (M1) 

0.3k =  A1 

reasoning to reject 0.2k =   eg P(1) 0.28 0k= −   therefore 0.2k  R1 

[3 marks] 

(c) attempting to use the expected value formula (M1) 

20.41 1 (0.3 0.28) 2 0.46 3 (0.29 2 0.3 )E( ) 0X  +  − +  +=  −   

1.27= A1 

Note: Award M1A0 if additional values are given. 

[2 marks] 

Total [6 marks] 
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4. (a) recognizing at rest 0v =  (M1) 

3.34692...t =

3.35t = (seconds) A1 

Note: Award (M1)A0 for any other solution to 0v = eg 0.205t = −  or 6.08t = . 

[2 marks] 

(b) recognizing particle changes direction when 0v =  OR when 3.34692...t = (M1) 

4.71439...a = −

-24.71(ms )a = −  A2 

[3 marks] 

(c) distance travelled =
6

0
dv t  OR 

( ) ( )
3.34... 6

sin( ) sin( )

0 3.34...
e 4sin( ) d e 4sin( ) d ( 14.3104... 6.44300...)t tt t t t+ − + = +  (A1) 

20.7534...=

= 20.8 (metres) A1 

[2 marks] 

Total [7 marks] 
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5. (a) METHOD 1 

EITHER 

one of P( ) 0.16A x= +  OR P( ) 0.36B x= + A1 

OR 

A1 

THEN 

attempt to equate their P( )A B  with their expression for )P (( ) PA B M1 

P( ) P( ) P( ) ( 0.16) ( 0.36)A B A B x x x =   = +  +   A1 

0.24x = A1 

METHOD 2 

attempt to form at least one equation in P( )A and P( )B  using independence M1 

( ) ( )P( ) P( ) P( ) P( ) 1 P( ) 0.16A B A B A B  =  − = OR 

( ) ( )P( ' ) P( ') P( ) 1 P( ) P( ) 0.36A B A B A B =   − =

P( ) 0.4A = AND P( ) 0.6B = A1 

6P( ) P( ) P( ) 0.4 0.A B A B =  =  (A1) 

0.24x = A1 

[4 marks] 

continued… 
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Question 5 continued 

(b) METHOD 1

recognising P( | ) P( )A B A  = (M1) 

1 0.16 0.24= − −

0.6=  A1 

METHOD 2 

( )P( ) 0.36 0.24 0.6B = + =

P( ) 0.24
P( | )

P( ) 0.4

A B
A B

B

   
  = = 

  
(A1) 

0.6= A1 

[2 marks] 

Total [6 marks] 
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6. (a) attempt to replace x  with x− M1 

1
( ) 2

2

x

x
f x −

−
− = −

EITHER 

1
2 ( )

2

x

x
f x= − = − A1 

OR 

( )
1

2 ( )
2

x

x
f x

 
= − − = − 

 
A1 

Note: Award M1A0 for a graphical approach including evidence that either the 

graph is invariant after rotation by 180°about the origin or the graph is 

invariant after a reflection in the y -axis and then in the x -axis (or vice 

versa). 

so f  is an odd function  AG 

[2 marks] 

(b) attempt to find at least one intersection point (M1) 

1.26686..., 0.177935..., 3.06167...x x x= − = =

1.27, 0.178, 3.06x x x= − = =

1.27 1x−   − ,  A1 

0.178 3x  ,  A1 

3.06x  A1 

[4 marks] 

Total [6 marks] 
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7. (a) ( )2 212 ( 5) 13= + − =a (A1) 

2 28 a + b (accept min 2 and max 28) A1 

Note: Award (A1)A0  for 2 and 28 seen with no indication that they are the 

endpoints of an interval. 

  [2 marks] 

(b) recognition that p or b is a negative multiple of a (M1) 

ˆ2= −p a OR 
1215 15

513 13

  
− −  

−  
b = a =

12 1.852

5 0.76913

 −    
− =    

−    
p = A1 

[2 marks] 

(c) METHOD 1

q is perpendicular to 
12

5

 
 
− 

  

 q is in the direction 
5

12

 
 
 

  (M1) 

5

12
k
 

=  
 

q (A1) 

( ) 2 2(5 ) (12 ) 15k k= + =q (M1) 

15

13
k = (A1) 

75

5 5.7715 13

12 180 13.813

13

  
     
 = =    
     

  
  

q = A1 

  [5 marks] 

continued… 
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Question 7 continued 

METHOD 2 

q is perpendicular to 
12

5

 
 
− 

  

attempt to set scalar product 0q.a = OR product of gradients 1= − (M1) 

12 5 0x y− = (A1) 

( ) 2 2 15x y= + =q

attempt to solve simultaneously to find a quadratic in x  or in y  (M1) 

2

2 212
15

5

x
x

 
+ = 
 

OR 

2

2 25
15

12

y
y

 
+ = 

 

75

5.7713

180 13.8

13

 
   

=   
    
 
 

q = A1A1 

Note: Award A1 independently for each value.  Accept values given as 
75

13
x =

and 
180

13
y =  or equivalent. 

[5 marks] 

Total [9 marks] 
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8. (a) product of roots 
2 9k

k

+
= A1 

[1 mark] 

(b) recognition that the product of the roots will be negative (M1) 

2 9
0

k

k

+


critical values
9

0,
2

k = − seen (A1) 

9
0

2
k−   A1 

[3 marks] 

Total [4 marks] 
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9. (a) 6 5! (A1)(A1) 

720=  ( accept 6!) A1 

[3 marks] 

(b) METHOD 1

(Peter apart from girls, in an end seat) ( )8

4 1680P = OR 

(Peter apart from girls, not in end seat) ( )7

4 840P = (A1) 

case 1: Peter at either end

( )8

42 3360P = OR ( )8

42 4! 3360C  = (A1) 

case 2: Peter not at the end 

( )7

48 6720P = OR ( )7

48 4! 6720C  = (A1) 

Total number of ways 3360 6720= +  

10080= A1 

METHOD 2 

(Peter next to girl, in an end seat) ( )8

34 1344P = OR 

(Peter next to one girl, not in end seat) ( )7

32 4 1680P  = OR 

(Peter next to two girls, not in end seat) ( )7

24 3 504P  = (A1) 

case 1: Peter at either end  

( )8

32 4 2688P  = (A1) 

case 2: Peter not at the end 

( )( )7 7

3 28 2 4 4 3 17472P P  +   = (A1) 

Total number of ways ( )10

5 2688 17472P= − +

10080=  A1 

[4 marks] 

Total [7 marks] 
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Section B 

10. (a)

correct shape (concave down) within the given domain 1 2x    A1 

( )1,0  and ( ) ( )( )2, 3 2,1.73= A1 

Note: The coordinates of endpoints may be seen on the graph or marked on the 

axes. 

continued… 
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Question 10 continued 

(b) (i) interchanging x  and y  (seen anywhere) M1 

2 1x y= −  

2 2 1x y= −  A1 

2 1y x= + A1 

( )1 2 1f x x− = +  AG 

(ii) 0 3x  OR domain  ( )0, 3 0,1.73  =
 

A1 

1 2y  OR ( )11 2f x−   OR range  1,2 A1 

[5 marks] 

continued… 
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Question 10 continued 

(c) (i) attempt to substitute 
2 1x y= + into the correct volume formula (M1) 

( ) ( )
2

2 2

0 0

π 1 d  π 1  d

h h

V y y y y
 

= + = + 
 

  A1 

3

0

1
π

3

h

y y
 

= + 
 

A1 

31
π

3
h h

 
= + 

 
AG 

Note: Award marks as appropriate for correct work using a different variable e.g. 

( )
2

2

0

π 1 d  

h

x x+

(ii) attempt to substitute ( )3 1.732...h = =  into V (M1) 

10.8828...V =

10.9V = (m3) ( )2 3π=  (m3) A1 

[5 marks] 

continued… 
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Question 10 continued 

(d) METHOD 1

time 
10.8828... 2 3π

0.4 0.4

 
= = 

 
(M1) 

27.207...=

( )( )27.2 5 3π s= = A1 

[2 marks] 

continued… 
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Question 10 continued 

(e) attempt to find the height of the tank when ( )5.4414... 3πV = =  (M1) 

( )31
π 5.4414... 3π

3
h h

 
+ = = 

 

1.1818...h = (A1) 

attempt to use the chain rule or differentiate 
31

π
3

V h h
 

= + 
 

 with respect to t (M1) 

2

d d d 1 d

d d d π( 1) d

h h V V

t V t h t
=  = 

+
 OR ( )2d d

π 1
d d

V h
h

t t
= + (A1) 

attempt to substitute their h and
d

0.4
d

V

t
= (M1) 

( )2

d 0.4
0.053124...

d π 1.1818... 1

h

t
= =

+

0.0531=  (m s-1) A1 

[6 marks] 

Total [20 marks] 



– 25 – M22/5/MATHX/HP2/ENG/TZ1/XX/M 

11. (a) P( 61)C  (M1) 

0.365112...=

0.365= A1 

[2 marks] 

(b) recognition of binomial eg B(12,0.365...)X (M1) 

P( 5) 0.213666...X = =  

= 0.214 A1 

[2 marks] 

continued… 
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Question 11 continued 

(c) (i) Let CM represent ‘chocolate muffin’ and BM represent ‘banana muffin’ 

P( 61) 0.0197555...B  =  (A1) 

EITHER 

)P (P( 6 P1| 1( ) )) P( 6 |C C CM B BM MBM  +    (or equivalent in words) (M1) 

OR  

tree diagram showing two ways to have a muffin weigh < 61  (M1) 

THEN 

)(0.6 (0.40.365...) 0.0197... +    (A1) 

0.226969...=  

= 0.227  A1 

(ii) recognizing conditional probability (M1) 

Note:  Recognition must be shown in context either in words or symbols, not just 

( )P |A B . 

0.365112..

.

0.6

0.22

.

6969..


(A1) 

0.965183...=  

0.965=  A1 

[7 marks] 

continued… 
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Question 11 continued 

(d) METHOD 1

7P P( 61| ) P( 61| )( ) 1P( 0.) 5CM BMC CM B BM  +   = (M1) 

( )P( 61) 0.0197555...) 0.1570.6 (0.4C  +  =

P( 61) 0.248496...C  =  (A1) 

attempt to solve for  using GDC (M1) 

Note: Award (M1) for a graph or table of values to show their ( )P 61C   with a 

variable standard deviation. 

1.47225... =

1.47 =  (g) A2 

continued… 



– 28 – M22/5/MATHX/HP2/ENG/TZ1/XX/M 

Question 11 continued 

METHOD 2 

7P P( 61| ) P( 61| )( ) 1P( 0.) 5CM BMC CM B BM  +   =  (M1) 

( )P( 61) 0.0197555...) 0.1570.6 (0.4C  +  =

P( 61) 0.248496...C  =  (A1) 

use of inverse normal to find z score of their P( 61)C  (M1) 

0.679229...z = −

correct substitution (A1) 

61 62
0.679229...



−
= −

1.47225... =

1.47 =  (g) A1 

[5 marks] 

Total [16 marks] 
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12. (a) attempt to use Euler’s method (M1) 

1 1

d
0.1; 0.1

d
n n n n

y
x x y y

x
+ += + = +  , where 

2 2

2

d 2

d

y y x

x x

−
=

correct intermediate y -values (A1)(A1) 

3.7,4.63140...,5.92098...,7.79542...  

Note: A1 for any two correct y -values seen 

10.6958...y =

10.7y = A1 

Note: For the final A1, the value 10.7 must be the last value in a table or a list, or 

be given as a final answer, not just embedded in a table which has further 

lines.  

[4 marks] 

(b) 
d d

d d

y v
y vx v x

x x
=  = + (A1) 

replacing y with vx  and 
d

d

y

x
 with 

d

d

v
v x

x
+  M1 

2 2 2 2 2 2 2d d
2 2

d d

y v
x y x x v x v x x

x x

 
= −  + = − 

 
A1 

2d
2

d

v
v x v

x
+ = −   (since 0x  ) 

2d
2

d

v
x v v

x
= − − AG 

[3 marks] 

continued… 
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Question 12 continued 

(c) (i) attempt to separate variables v  and x (M1) 

2

d d

2

v x

v v x
=

− − 

d d

( 2)( 1)

v x

v v x
=

− +  (A1) 

attempt to express in partial fraction form M1 

1

( 2)( 1) 2 1

A B

v v v v
 +

− + − +

1 1 1 1

( 2)( 1) 3 2 1v v v v

 
= − 

− + − + 
A1 

1 1 1 d
d

3 2 1

x
v

v v x

 
− = 

− + 
   

( ) ( )
1

ln 2 ln 1 ln
3

v v x c− − + = + A1 

Note: Condone absence of modulus signs throughout. 

EITHER 

attempt to find c  using 1, 3, 3x y v= = =  M1 

1 1
ln

3 4
c =

( )
1 1 1

ln 2 ln 1 ln ln
3 3 4

v v x− − + = +

expressing both sides as a single logarithm (M1) 

3

2
ln ln

1 4

xv

v

 −
=  

 +
 

continued… 
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Question 12 continued 

OR 

expressing both sides as a single logarithm (M1) 

( )32
ln ln

1

v
A x

v

−
=

+

attempt to find A  using 1, 3, 3x y v= = = M1 

1

4
A =

THEN 

32 1

1 4

v
x

v

−
=

+
(since 0x  ) 

substitute 
y

v
x

=  (seen anywhere) M1 

3

2
1

41

y

x x
y

x

−
=

+

 (since 2y x ) 

32 1

4

y x
x

y x

 −
 = 

+ 

attempt to make y  the subject M1 

3 4

2
4 4

x y x
y x− = + A1 

4

3

8

4

x x
y

x

+
=

−
AG 

continued… 
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Question 12 continued 

(ii) actual value at (1.5) 27.3y = A1 

(iii) gradient changes rapidly (during the interval considered) OR

the curve has a vertical asymptote at ( )3 4 1.5874...x = = R1 

[12 marks] 

Total [19 marks] 
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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.
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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

��������« 
(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 The markscheme 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�TXHVWLRQ�FOHDUO\�FRQWUDGLFWV�LQIRUPDWLRQ�JLYHQ�LQ�WKH
question, it is not appropriate to award any FT marks in the subsequent parts.  This
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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. 

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
SDUW�V���DZDUG�PDUNV�DV�DSSURSULDWH��XQOHVV�WKH�FRPPDQG�WHUP�ZDV�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 
PDUNVFKHPH��,I�WKH�FRPPDQG�WHUP�LV�µ+HQFH¶�DQG�QRW�µ+HQFH�RU�RWKHUZLVH¶�WKHQ�DOWHUQDWLYH�
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. 

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.  
7KH�PDUNVFKHPH�ZLOO�RIWHQ�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 

A GDC is required for this paper, but If you see work that suggests a candidate has used 
any calculator not approved for IB DP examinations (eg CAS enabled devices), 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
VKRXOG�DSSO\�DSSURSULDWH�GLVFUHWLRQ�WR�MXGJH�ZKLFK�LV�³ILUVW´�
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Section A 

1. (a) use of GDC to give (M1) 

0.883529...r  

0.884r  A1 

Note: Award the (M1) for any correct value of r, a, b or 2 0.780624...r  

seen in part (a) or part (b). 

[2 marks] 

(b) 1.36609...a   , 64.5171...b  

1.37a  , 64.5b  A1 

[1 mark] 

(c) attempt to find their difference (M1) 

5 1.36609...u OR � � � �1.36609... 5 64.5171... 1.36609... 64.5171...h h� � � �

6.83045...

6.83 (6.85 from 1.37) 

the student could have expected her score to increase by 7 marks. A1 

Note: Accept an increase of 6, 6.83 or 6.85. 

[2 marks] 

(d) Lucy is incorrect in suggesting there is a causal relationship.
This might be true, but the data can only indicate a correlation. R1 

Note: $FFHSW�µ/XF\�LV�LQFRUUHFW�DV�FRUUHODWLRQ�GRHV�QRW�LPSO\�FDXVDWLRQ¶�RU�HTXLYDOHQW� 

[1 mark] 

(e) no effect A1 
[1 mark] 

Total [7 marks] 
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2. EITHER
attempt to use cosine rule (M1) 

2 2 212 AB 2 12 cos 25º AB 7� � u u u  OR 2AB 21.7513...AB 95 0� �   (A1) 

at least one correct value for AB   (A1) 

AB 6.05068...  OR AB 15.7007...  

using their smaller value for AB to find minimum perimeter (M1) 

12 7 6.05068...� �  

OR 
attempt to use sine rule (M1) 

sin B sin 25º
12 7

 OR sinB 0.724488...  OR ÖB 133.573...º OR ÖB 46.4263...º (A1) 

at least one correct value for ÖC

Ö 21.4263...ºC    OR Ö 108.573...ºC  (A1) 

using their acute value for ÖC  to find minimum perimeter (M1) 

2 2 61 12 7cos21.42 3..2 7 2 .7 12 u u� � � � OR 
7sin 21.4263...º12 7

sin 25º
� �

THEN 

25.0506} 

minimum perimeter = 25.1. A1 

Total [5 marks] 



±�1� ± N21/5/MATHX/HP2/ENG/TZ0/XX/M 

3. (a) recognize that the variable has a Binomial distribution (M1) 

� �B 30,0.05X

attempt to find � �P 1X t (M1) 

� �1 P 0X�  OR 301 0.95� OR 1 0.214638...�  OR 0.785361...  

Note: The two M marks are independent of each other. 

� �P 1 0.785X t  A1 

[3 marks] 

(b) recognition of conditional probability (M1) 

� �P 2 | 1X Xd t OR � �P at most 2 defective | at least 1 defective

Note: Recognition must be shown in context either in words or symbols but 

not just � �P |A B . 

� �
� �

P 1 2
P 1

X
X
d d

t
  OR � � � �

� �
P 1 P 2

P 1
X X

X
 �  

t
(A1) 

0.597540...
0.785361...

  OR 
0.812178... 0.214638...

0.785361...
�

  OR 
0.338903... 0.258636...

0.785361...
�

(A1) 

0.760847... 

� �P 2 | 1 0.761X Xd t   A1 

[4 marks] 

Total [7 marks] 
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4. (a) attempt to find the area of either shaded region in terms of r andT  (M1) 

Note: Do not award M1 if they have only copied from the booklet and not 

applied to the shaded area. 

Area of segment 2 21 1= sin
2 2
r rT T� A1 

Area of triangle � �21 = sin ʌ
2
r T� A1 

correct equation in terms of T  only (A1) 

� �sin sin ʌT T T�  �

sin sinT T T�  A1 

2sinT T AG 

Note: Award a maximum of M1A1A0A0A0 if a candidate uses degrees 

(i.e., � �21 sin 180
2
r Tq� ), even if later work is correct. 

Note: If a candidate directly states that the area of the triangle is 

21 sin
2
r T , award a maximum of M1A1A0A1A1.

[5 marks] 

(b) 1.89549...T  

1.90T  A1 

Note: Award A0 if there is more than one solution. Award A0 for an answer 

in degrees. 

[1 mark] 

Total [6 marks] 
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5. (a) 1 1
2 7
3 8

u S  u (M1) 

14 7 0.583333
24 12

§ ·   ¨ ¸
© ¹

A1 

[2 marks] 

(b) � �7 0.875
8

r   (A1) 

substituting their values for 1u and r  into 1

1
uS
rf  �

(M1) 

� �14 4.66666
3

  A1 

[3 marks] 

(c) attempt to substitute their values into the inequality or formula for nS (M1) 

1

14 2 7 0.001
3 3 8

rn

r 

§ ·� �¨ ¸
© ¹

¦ OR 

7 71
12 8

71
8

n

nS

§ ·§ ·�¨ ¸¨ ¸¨ ¸© ¹© ¹ 
§ ·�¨ ¸
© ¹

attempt to solve their inequality using a table, graph or logarithms 

(must be exponential) (M1) 

Note: Award (M0) if the candidate attempts to solve 0.001nS uf � � . 

correct critical value or at least one correct crossover value (A1) 

63.2675 OR 63 0.001036...S Sf �   OR 64 0.000906...S Sf �   

OR  63 0.001 0.0000363683...S Sf � �    OR  64 0.001 0.0000931777...S Sf � �  �

least value is 64n  A1 

[4 marks] 

Total [9 marks] 
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6. (a) METHOD 1 

� � � �3 3 33p q pq p q p q� � � { �

attempts to expand � �3p q� M1 
3 2 2 33 3p p q pq q� � �

� � � � � �3 3 2 2 33 3 3 3p q pq p q p p q pq q pq p q� � � { � � � � �
3 2 2 3 2 23 3 3 3p p q pq q p q pq{ � � � � � A1 
3 3p q{ � AG 

Note: Condone the use of equals signs throughout. 

METHOD 2 

� � � �3 3 33p q pq p q p q� � � { �

attempts to factorise � � � �3 3p q pq p q� � � M1 

� � � �� � � �� �� �2 2 23  p q p q pq p q p pq q{ � � � { � � �

3 2 2 2 2 3p p q pq p q pq q{ � � � � � A1 

 AG 

Note: Condone the use of equals signs throughout. 

METHOD 3 

� � � �33 3 3p q p q pq p q� { � � �

attempts to factorise 3 3p q� M1 

� �� �2 2p q p pq q{ � � �

� � � �� �2 3p q p q pq{ � � � A1 

� � � �3 3p q pq p q{ � � � AG 

Note: Condone the use of the equals sign throughout. 

[2 marks] 

3 3p q{ �
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(b) 
Note: Award a maximum of A1M0A0A1M0A0 for 95m  � and 8n  found

by using � �5 17,  , 0.219..., 2.28...
4

D E D Er
  . 

Condone, as appropriate, solutions that state but clearly do not use the 
values of D  and E .  
Special case: Award a maximum of A1M1A0A1M0A0 for 95m  �  and 

8n   obtained by solving simultaneously for D  and E  from product of 
roots and sum of roots equations. 

product of roots of 2 5 1 0
2 2

x x� �  

1
2

DE   (seen anywhere) A1 

considers 3 3

1 1
D E

§ ·§ ·
¨ ¸¨ ¸
© ¹© ¹

 by stating 
� �

� �3

1 n
DE

 M1 

Note: Award M1 for attempting to substitute their value of DE  into 
� �3

1
DE

. 

� �3 3

1 1
1
2

DE
 
§ ·
¨ ¸
© ¹

8n  A1 

sum of roots of 2 5 1 0
2 2

x x� �  

5
2

D E�  (seen anywhere) A1 

considers 3 3

1 1
D E

� by stating
� � � �

� �
� �
� �

� �
33

3 2

3 3
m

D E DE D E D ED E
DEDE DE

§ ·� � � �§ ·�
¨ � ¸  �¨ ¸¨ ¸© ¹© ¹

M1 

Note: Award M1 for attempting to substitute their values of D E�  and DE  into their

expression. Award M0 for use of � � � �3 3D E DE D E� � � only. 

� �

35 3 5
2 2 2  125 30 951

8

§ · § ·§ ·�¨ ¸ ¨ ¸¨ ¸
© ¹ © ¹© ¹  �  

95m  � A1 

� �2 95 8 0x x� �  

[6 marks] 
Total [8 marks] 
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7. (a) recognises that 
0

arccos  d 0.5
m

x x  ³ (M1) 

� �2arccos 1 0 1 0.5m m m� � � �  

0.360034...m  
0.360m  A1 

[2 marks] 

(b) METHOD 1
attempts to find at least one endpoint (limit) both in terms of m  (or their m ) and a (M1) 

� �P 0.3m a X m a� d d �   
0.360034...

0.360034...

arccos  d 0.3
a

a

x x
�

�

 ³ (A1) 

Note: Award (A1) for arccos  d 0.3
m a

m a

x x
�

�

 ³ . 

0.360034...
2

0.360034...
arccos 1

a

a
x x x

�

�

ª º� �¬ ¼
attempts to solve their equation for a (M1) 
Note: The above (M1) is dependent on the first (M1). 

0.124861...a  
0.125a   A1 

METHOD 2 

� �arccos 0.360034...  d  0.3
a

a

x x
�

�  ³ (M1)(A1) 

Note: Only award (M1) if at least one limit has been translated 
correctly. 

Note: Award (M1)(A1) for � �arccos  d  0.3
a

a

x m x
�

�  ³ . 

attempts to solve their equation for a (M1) 

0.124861...a  
0.125a   A1 



±�1� ± N21/5/MATHX/HP2/ENG/TZ0/XX/M 

METHOD 3 

EITHER 

� � � �arccos 0.360034...  d  0.3
a

a

x x
�

�  ³ (M1)(A1) 

Note: Only award (M1) if at least one limit has been translated 
correctly. 

Note: Award (M1)(A1) for � � � �arccos  d  0.3
a

a

x m x
�

�  ³ . 

OR 

� �
� �

� �

� �
2 0.360034...

2 0.360034...

arccos 0.360034...  d  0.3
a

a

x x
�

�

�  ³ (M1)(A1) 

Note: Only award (M1) if at least one limit has been translated 
correctly. 

Note: Award (M1)(A1) for � � � �
2

2

arccos  d  0.3
m a

m a

x m x
�

�

�  ³ . 

THEN 

attempts to solve their equation for a (M1) 

Note: The above (M1) is dependent on the first (M1). 

0.124861...a  
A1 

[4 marks] 
Total [6 marks] 

0.125a  
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8. (a) METHOD 1 
attempts to differentiate implicitly including at least one application of the product rule (M1) 

u xy , � �lnv xy , 
d d
d d
u yx y
x x
 � , 

d d 1
d d
v yx y
x x xy

§ · �¨ ¸
© ¹

� �d d d1 ln
d d d
y xy y yx y x y xy
x xy x x

ª º§ · § · � � � �¨ ¸ ¨ ¸« »© ¹ © ¹¬ ¼
A1 

Note: Award (M1)A1 for implicitly differentiating � �� �1 lny x y xy �  and obtaining

� � � �d d d1 ln ln
d d d
y xy y yx y x xy y xy
x xy x x

ª º§ · � � � �¨ ¸« »© ¹¬ ¼
. 

� �d d d1 ln
d d d
y y yx y x y xy
x x x

ª º§ · § · � � � �¨ ¸ ¨ ¸« »© ¹ © ¹¬ ¼

� �� �d d1 1 ln
d d
y yx y xy
x x

§ · � � �¨ ¸
© ¹

A1 

� �� �d d 1 ln 1
d d
y yx y xy
x x

§ ·� � �  ¨ ¸
© ¹

AG 

METHOD 2 
ln lny x xy x xy y � �

attempts to differentiate implicitly including at least one application of the product rule (M1) 

d d d d1 ln ln
d d d d
y xy y xy y yx y x x y y
x x x y x x

§ ·§ ·§ · § · � � � � � �¨ ¸¨ ¸ ¨ ¸¨ ¸© ¹ © ¹© ¹ © ¹
A1 

or equivalent to the above, for example 

� �d d d d1 ln 1 ln ln ln
d d d d
y y y yx x x y y y x y
x x x x

§ ·§ · § · � � � � � �¨ ¸ ¨ ¸¨ ¸© ¹ © ¹© ¹

� � � �d d1 ln ln 1 ln ln 1
d d
y yx x y y x y
x x
 � � � � � � A1 

or equivalent to the above, for example 

� �� � � �� �d d1 ln 1 ln 1
d d
y yx xy y xy
x x
 � � � �

� �� �d d 1 ln 1
d d
y yx y xy
x x

§ ·� � �  ¨ ¸
© ¹

AG 
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METHOD 3 
attempt to differentiate implicitly including at least one application of the product rule M1 

� �lnu x xy , v y , � �d dln
d d
u y xxy x y
x x xy

§ · � �¨ ¸
© ¹

, 
d d
d d
v y
x x
 

� � � �d d d1 ln ln
d d d
y y xy yx xy y xy x y
x x xy x

§ ·§ · � � � �¨ ¸¨ ¸
© ¹© ¹

A1 

� �� � � �� �d d1 ln 1 ln 1
d d
y yx xy y xy
x x
 � � � � A1 

� �� �d d 1 ln 1
d d
y yx y xy
x x

§ ·� � �  ¨ ¸
© ¹

AG 

METHOD 4 

lets w xy  and attempts to find 
d
d
y
x

 where lny x w w � M1 

� �d d d d1 ln  1 1 ln
d d d d
y w w ww w
x x x x

§ · § · � �  � �¨ ¸ ¨ ¸
© ¹ © ¹

A1 

d d
d d
w yx y
x x
 � A1 

� � � �� �d d d d1 ln  1 1 ln
d d d d
y y y yx y x y xy x y xy
x x x x

§ · § ·§ · § · � � � �  � � �¨ ¸ ¨ ¸¨ ¸ ¨ ¸© ¹ © ¹© ¹ © ¹

 AG 

[3 marks] 

� �� �d d 1 ln 1
d d
y yx y xy
x x

§ ·� � �  ¨ ¸
© ¹
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(b) METHOD 1
substitutes 1x   into � �lny x xy xy � (M1) 

1 ln 1y y y y � �   A1 

substitutes 1x  and their non-zero value of y into � �� �d d 1 ln 1
d d
y yx y xy
x x

§ ·� � �  ¨ ¸
© ¹

(M1) 

d d2 0 0
d d
y y
x x

§ ·  ¨ ¸
© ¹

A1 

equation of the tangent is 1y  A1 

METHOD 2 

substitutes 1x  into � �� �d d 1 ln 1
d d
y yx y xy
x x

§ ·� � �  ¨ ¸
© ¹

(M1) 

� �� �d d 1 ln 1
d d
y y y y
x x

§ ·� � �  ¨ ¸
© ¹

EITHER 

correctly substitutes 1ln yy
y
�

  into � �� �d d 1 ln 1
d d
y y y y
x x

§ ·� � �  ¨ ¸
© ¹

A1 

� �d 1 d1 0 0 1
d d
y y y
x y x
§ ·
�  �   ¨ ¸

© ¹
A1 

OR 

correctly substitutes ln 1y y y�   into � �� �d d 1 ln 1
d d
y y y y
x x

§ ·� � �  ¨ ¸
© ¹

A1 

� � � �d d2 ln 0 0 1
d d
y yy y
x x

�  �   A1 

THEN 

substitutes  into (M1) 

1 ln 1y y y y � �  

equation of the tangent is  A1 
[5 marks] 

Total [8 marks] 

1x  � �lny x xy xy �

1y  
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Section B 

9. (a)
2ʌ12
b

   OR   
2ʌ
12

b  A1 

ʌ
6

b  AG 

[1 mark] 

(b) 
6.8 2.2

2
a �
   OR  

max min
2

a �
 (M1) 

2.3  (m) A1 

[2 marks] 

(c) 
6.8 2.2

2
d �
   OR  

max min
2

d �
 (M1) 

4.5  (m) A1 

[2 marks] 

continued« 
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Question 9 continued. 

(d) METHOD 1

substituting 4.5t   and 6.8H   for example into their equation for H (A1) 

� �ʌ6.8 2.3sin 4.5 4.5
6

c§ · � �¨ ¸
© ¹

attempt to solve their equation (M1) 

1.5c   A1 

METHOD 2  

using horizontal translation of 
12
4

(M1) 

4.5 3c�  (A1) 

1.5c  A1 

METHOD 3 

� � � � � �ʌ ʌ2.3 cos
6 6

H t t c§ · § ·c  �¨ ¸ ¨ ¸
© ¹ © ¹

(A1) 

attempts to solve their � �4.5 0H c   for c (M1) 

� � � �ʌ ʌ2.3 cos 4.5 0
6 6

c§ · § ·�  ¨ ¸ ¨ ¸
© ¹ © ¹

1.5c  A1 
[3 marks] 

(e) attempt to find H  when 12t   or 0t  , graphically or algebraically (M1) 

2.87365...H  

� �2.87 mH  A1 

[2 marks] 

FRQWLQXH« 
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Question 9 continued. 

(f) attempt to solve � �ʌ5 2.3sin 1.5 4.5
6
t§ · � �¨ ¸

© ¹
(M1) 

times are 1.91852...t   and 7.08147...t  , � �13.9185..., 19.0814...t t  (A1) 

total time is � �2 7.081... 1.919...u �

10.3258...  

10.3  (hours) A1 

Note: Accept 10. 
[3 marks] 

(g) METHOD 1

substitutes 
11
3

t   and 6.8H   into their equation for H  and attempts to solve for c (M1) 

ʌ �� �6.8 2.3sin 4.5
6 3 3

c c§ ·§ · � � �  ¨ ¸¨ ¸© ¹© ¹

� � ʌ �2.3sin 4.5
6 3

H t t§ ·§ · � �¨ ¸¨ ¸© ¹© ¹
A1 

METHOD 2 

uses their horizontal translation 
12 3
4

§ · ¨ ¸
© ¹

(M1) 

11 23
3 3

c c�  �  

� � ʌ �2.3sin 4.5
6 3

H t t§ ·§ · � �¨ ¸¨ ¸© ¹© ¹
A1 

[2 marks] 
Total [15 marks] 
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10. (a) (i) 
Note: In part (a), penalise once only, if correct values are given instead of 

correct coordinates. 

attempts to solve 2 12 0x x� �  (M1) 

� �3,0� and � �4,0 A1 

(ii)  
40,
5

§ ·
¨ ¸
© ¹

 A1 

[3 marks] 

(b) 
15
2

x  A1 

Note: Award A0 for 
15
2

x z . 

Award A1 in part (b), if 
15
2

x   is seen on their graph in part (d). 

[1 mark] 

(c) METHOD 1
� �� � 22 15 12ax b x x x� � { � �

attempts to expand � �� �2 15ax b x� �  (M1) 
2 22 15 2 15 12ax ax bx b x x� � � { � �
1
2

a  A1 

equates coefficients of x (M1) 
151 2
2

b�  � �

13
4

b  A1 

13
2 4
xy§ · �¨ ¸

© ¹
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METHOD 2 

attempts division on 
2 12
2 15
x x
x
� �
�

M1 

13 ...
2 4
x
� � M1 

1
2

a  A1 

13
4

b  A1 

13
2 4
xy§ · �¨ ¸

© ¹

METHOD 3 

A1 

M1 

equates coefficients of : (M1) 
151 2
2

b�  � �

A1 

 

1
2

a  

2 12
2 15 2 2 15
x x x cb
x x
� �

{ � �
� �

� � � �2 2 15
12 2 15

2
x x

x x x b c
�

� � { � � �

x

13
4

b  

13
2 4
xy§ · �¨ ¸

© ¹



±�2� ± N21/5/MATHX/HP2/ENG/TZ0/XX/M 

METHOD 4 

attempts division on 
2 12
2 15
x x
x
� �
�

M1 

2
13 1212 2

2 15 2 2 15

x
x x x
x x

�� �
 �

� �
1
2

a  A1 

13 12 132 ...
2 15 4

x

x

�
 �

�
M1 

13
4

b  A1 

13
2 4
xy§ · �¨ ¸

© ¹
[4 marks] 
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(d) 

two branches with approximately correct shape ( for 30 30x� d d ) A1 
their vertical and oblique asymptotes in approximately correct positions with both branches 
showing correct asymptotic behaviour to these asymptotes A1 
their axes intercepts in approximately the correct positions A1 

Note: Points of intersection with the axes and the equations of asymptotes 
are not required to be labelled. 

[3 marks] 
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(e) (i) attempts to split into partial fractions: (M1) 

� �� �
2 15
3 4 3 4
x A B

x x x x
�

{ �
� � � �

� � � �2 15 4 3x A x B x� { � � �

3A   A1 
1B  � A1 

3 1
3 4x x

§ ·�¨ ¸� �© ¹

(ii) 
3

0

3 1  d
3 4

x
x x

§ ·�¨ ¸� �© ¹³
attempts to integrate and obtains two terms involving µOQ¶ (M1) 

3

0
3ln 3 ln 4x x ª � � � º¬ ¼ A1 

3ln6 ln1 3ln3 ln 4 � � � A1 

� �3ln 2 ln 4 ln8 ln 4 �  �

� �ln 32 5ln 2  A1 

Note: The final A1 is dependent on the previous two A marks. 
[7 marks] 

Total [18 marks] 
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11. (a) (i) attempts to find either AB
o

 or AC
o

 (M1) 

3
AB 2

0

o
�§ ·
¨ ¸ �¨ ¸
¨ ¸
© ¹

 and 

2
AC 1

7

o
�§ ·
¨ ¸ ¨ ¸
¨ ¸�© ¹

A1 

(ii) METHOD 1

attempts to find AB AC
o o

u (M1) 
14

AB AC 21
7

o o
§ ·
¨ ¸u  �¨ ¸
¨ ¸�© ¹

A1 

EITHER 
equation of plane is of the form  � �2 3x y z d� �  (A1) 

substitutes a valid point e.g � �3,0,0 to obtain a value of d M1 

� �42 6d d  

OR 
attempts to use �  �r n a n (M1) 

14 3 14 14
21 0 21  21 42
7 0 7 7

§ ·§ · § · § · § ·
¨ ¸¨ ¸ ¨ ¸ ¨ ¸ ¨ ¸� �  � � � �  ¨ ¸¨ ¸ ¨ ¸ ¨ ¸ ¨ ¸

¨ ¸ ¨ ¸ ¨ ¸ ¨ ¸¨ ¸� � �© ¹ © ¹ © ¹ © ¹© ¹

r r  A1 

2 3 2 2
3 0 3  3 6
1 0 1 1

§ ·§ · § · § · § ·
¨ ¸¨ ¸ ¨ ¸ ¨ ¸ ¨ ¸� �  � � � �  ¨ ¸¨ ¸ ¨ ¸ ¨ ¸ ¨ ¸

¨ ¸ ¨ ¸ ¨ ¸ ¨ ¸¨ ¸� � �© ¹ © ¹ © ¹ © ¹© ¹

r r

THEN 
� �14 21 7 42 2 3 6x y z x y z� �  � �  A1 

METHOD 2 

equation of plane is of the form 
3 3 2
0 2 1
0 0 7

x
y s t
z

� �§ · § · § · § ·
¨ ¸ ¨ ¸ ¨ ¸ ¨ ¸ � � �¨ ¸ ¨ ¸ ¨ ¸ ¨ ¸
¨ ¸ ¨ ¸ ¨ ¸ ¨ ¸�© ¹ © ¹ © ¹ © ¹

A1 

attempts to form equations for , ,x y z  in terms of their parameters (M1) 
3 3 2x s t � � , 2y s t � � , 7z t �

A1 

eliminates at least one of their parameters (M1) 
for example, � �2 3 6 7 2 3 6x y t x y z�  � � �  �
2 3 6x y z� �   A1 

[7 marks] 

14 21 7x y z d� �  
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(b) METHOD 1

substitutes 
0 1
2 1

0 1
O

§ · § ·
¨ ¸ ¨ ¸ � �¨ ¸ ¨ ¸
¨ ¸ ¨ ¸�© ¹ © ¹

r  into their 13  and 23 (given) (M1) 

13 : � � � �2 3 2 6O O O� � � � �   and 23 : � � � �3 2 2 2O O O� � � � �  A1 

Note: Award (M1)A0 for correct verification using a specific value of O . 

so the vector equation of L  can be written as 

0 1
2 1

0 1
O

§ · § ·
¨ ¸ ¨ ¸ � �¨ ¸ ¨ ¸
¨ ¸ ¨ ¸�© ¹ © ¹

r  AG 

METHOD 2 
EITHER 

attempts to find 

2 3
3 1
1 2

§ · § ·
¨ ¸ ¨ ¸� u �¨ ¸ ¨ ¸
¨ ¸ ¨ ¸�© ¹ © ¹

M1 

7
7

7

�§ ·
¨ ¸ �¨ ¸
¨ ¸
© ¹

OR 

� �
2 1
3 1 2 3 1 0
1 1

§ · § ·
¨ ¸ ¨ ¸� �  � �  ¨ ¸ ¨ ¸
¨ ¸ ¨ ¸� �© ¹ © ¹

 and � �
3 1
1 1 3 1 2 0

2 1

§ · § ·
¨ ¸ ¨ ¸� �  � �  ¨ ¸ ¨ ¸
¨ ¸ ¨ ¸�© ¹ © ¹

M1 

THEN 
substitutes � �0, 2,0�  into 13  and 23

13 : � � � � � �2 0 3 2 0 6� � �  and 23 : � � � � � �3 0 2 2 0 2� � �  A1 

so the vector equation of L  can be written as 

0 1
2 1

0 1
O

§ · § ·
¨ ¸ ¨ ¸ � �¨ ¸ ¨ ¸
¨ ¸ ¨ ¸�© ¹ © ¹

r AG 

METHOD 3 
attempts to solve 2 3 6x y z� �   and 3 2 2x y z� �   (M1) 

for example, , 2 ,x y zO O O �  � �   A1 
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Note: Award A1 for substituting 0x  (or 2y  �  or 0z  ) into 13  and 23
and solving simultaneously. For example, solving 3 6y z� �   and 

2 2y z� �  to obtain 2y  � and 0z  . 

so the vector equation of L  can be written as 

0 1
2 1

0 1
O

§ · § ·
¨ ¸ ¨ ¸ � �¨ ¸ ¨ ¸
¨ ¸ ¨ ¸�© ¹ © ¹

r  AG 

[2 marks] 

(c) (i) substitutes the equation of L  into the equation of 33 (M1) 

2 2 3 4 3O O O�  �  A1 
3
4

O  AG 

(ii) P has coordinates 
3 5 3, ,
4 4 4

§ ·� �¨ ¸
© ¹

A1 

 [3 marks] 

(d) (i) normal to 33 is 
2
0
2

§ ·
¨ ¸ ¨ ¸
¨ ¸�© ¹

n (A1) 

Note: May be seen or used anywhere. 

considers the line normal to 33 passing through � �B 0, 2,0� (M1) 

0 2
2 0

0 2
P

§ · § ·
¨ ¸ ¨ ¸ � �¨ ¸ ¨ ¸
¨ ¸ ¨ ¸�© ¹ © ¹

r A1 

EITHER 
finding the point on the normal line that intersects 33
attempts to solve simultaneously with plane 2 2 3x z�   (M1) 
4 4 3P P�   

3
8

P  A1 

point is 
3 3, 2,
4 4

§ ·� �¨ ¸
© ¹
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OR 

3
4

5
4
3
4

2 2
2 0 0

2 2

P

P

§ ·§ ·§ · § ·
¨ ¸¨ ¸¨ ¸ ¨ ¸� � � �  ¨ ¸¨ ¸¨ ¸ ¨ ¸
¨ ¸ ¨ ¸¨ ¸¨ ¸� � �© ¹ © ¹© ¹© ¹

(M1) 

3 34 4 0
2 2

P P� � �  

3
8

P  A1 

OR 
attempts to find the equation of the plane parallel to 33 containing Bc � �3x z�  and 

solve simultaneously with L  (M1) 
2 2 3P Pc c�  

3
4

Pc  A1 

THEN 

so, another point on the reflected line is given by 
0 2

32 0
4

0 2

§ · § ·
¨ ¸ ¨ ¸ � �¨ ¸ ¨ ¸
¨ ¸ ¨ ¸�© ¹ © ¹

r (A1) 

3 3B , 2,
2 2

§ ·c� � �¨ ¸
© ¹

A1 

(ii) EITHER

attempts to find the direction vector of the reflected line using their P  and Bc (M1) 
3
4

3
4
3
4

PB
o

§ ·
¨ ¸c  �¨ ¸
¨ ¸�© ¹

OR 
attempts to find their direction vector of the reflected line using a vector approach (M1) 

1 1
3 3PB PB BB 1 0
4 2

1 1

o o o
§ · § ·
¨ ¸ ¨ ¸c c �  � �¨ ¸ ¨ ¸
¨ ¸ ¨ ¸� �© ¹ © ¹

THEN 
3 3
2 4

3
4

3 3
2 4

2 O
§ · § ·
¨ ¸ ¨ ¸ � � �¨ ¸ ¨ ¸
¨ ¸ ¨ ¸� �© ¹ © ¹

r  (or equivalent) A1 
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Note: Award A0 IRU�HLWKHU�µ  r ¶�RU�µ
x
y
z

§ ·
¨ ¸  ¨ ¸
¨ ¸
© ¹

¶�QRW�VWDWHG� Award A0 for µLc  ¶� 

[9 marks] 
Total [21 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/HP2/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/HP2/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/HP2/ENG/TZ2/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 

A GDC is required for this paper, but If you see work that suggests a candidate has used any 
calculator not approved for IB DP examinations (eg CAS enabled devices), 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/HP2/ENG/TZ2/XX/M 



Section A 

1. (a) (i) 0.805084...a = and 2.88135...b =

0.805a =  and 2.88b = A1A1 

(ii) 0.97777...r =

0.978r =  A1 

 [3 marks] 

(b) a represents the (average) increase in waiting time ( 0.805  mins) per

additional customer (waiting to receive their coffee) R1 
[1 mark] 

(c) attempt to substitute 7x = into their equation (M1) 

8.51693...

8.52  (mins) A1 

[2 marks] 
Total [6 marks] 

M21/5/MATHX/HP2/ENG/TZ2/XX/M – 8 –



2. (a) attempt to use ( )1 1 0u n d+ − = (M1) 

( )60 2.5 1 0k− − =

25k = A1 

[2 marks] 

(b) METHOD 1

attempting to express nS  in terms of n (M1) 

use of a graph or a table to attempt to find the maximum sum (M1) 

750=  A1 

METHOD 2

EITHER

recognizing maximum occurs at 25n = (M1) 

( ) ( )25 25

25 25
60 0 ,  2 60 24 2.5

2 2
S S= + =  + − (A1) 

OR 

attempting to calculate 
24S (M1) 

( )24

24
2 60 23 2.5

2
S =  + − (A1) 

THEN 

750= A1 

[3 marks] 
Total [5 marks] 
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3. (a) EITHER 

( ) ( )P( ) P( ) P P 1S T S T S T + +  −  = OR ( ) ( )( )P P 'S T S T  =  (M1)

( )0.7 0.2 0.18 P 1S T+ + −  =  OR ( )P 1 0.18S T = −

OR 
a clearly labelled Venn diagram (M1) 

THEN 

( )P 0.08S T = (accept 8%) A1 

Note: To obtain the M1 for the Venn diagram all labels must be correct and in the correct sections. 

 For example, do not accept 0.7 in the area corresponding to S T  . 

[2 marks] 

(b) EITHER

( ) ( ) ( )( )P P P 0.2 0.08T S T T S = −  = −  OR

( ) ( ) ( )( )P P P 0.82 0.7T S T S S =  − = − (M1) 

OR

a clearly labelled Venn diagram including ( ) ( ) ( )P , P and PS T S T (M1) 

THEN

0.12=  (accept 12%) A1 

 [2 marks] 

(c) ( ) ( ) ( )P P PG T T G G = ( 0.25 0.48 ) (M1) 

0.12= A1 

[2 marks] 

continued… 
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Question 3 continued 

(d) METHOD 1

( ) ( )( )P P 0.48 0.2 0.096G T =  =  A1 

( ) ( ) ( )P P PG T G T    G and T are not independent R1 

METHOD 2 

( )P | 0.25T G = A1 

( ) ( )P | PT G T  G and T are not independent R1 

Note:  Do not award A0R1. 

[2 marks] 
Total [8 marks] 
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4. (a) attempting to find the vertex (M1) 

1x = OR 5y = − OR ( ) ( )
2

6 1 5f x x= − −

range is 5y  − A1 

[2 marks] 

(b) METHOD 1

( )( ) ( ) ( )( )( )226 12 1  6 1 5g f x x x c x c= − − + + = − − − + (A1) 

EITHER 

relating to the range of f OR attempting to find ( )5g − (M1) 

5 0c+     (A1) 

OR 

attempting to find the discriminant of ( )( )g f x (M1) 

( ) ( )144 24 1 0 120 24 0c c+ −  +   (A1) 

THEN 

5c  −  A1 

[4 marks] 

METHOD 2 
vertical reflection followed by vertical shift (M1) 

new vertex is ( )1,5 c+ (A1) 

5 0c+    (A1) 

5c  −  A1 

[4 marks] 
Total [6 marks] 
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5. (a)
0

0100 e= A A1 

0 100=A AG 

 [1 mark] 

(b) correct substitution of values into exponential equation (M1) 

573050 100e k−= OR 5730 1
e

2

k− =

EITHER 
1

5730 ln
2

k− = A1 

1
ln ln 2

2
= −  OR 

1
ln ln 2

2
− = A1 

OR 
5730e 2k = A1 

5730 ln 2k = A1 

THEN 
ln 2

5730
k = AG 

Note:  There are many different ways of showing that 
ln 2

5730
k =  which involve showing different 

steps. Award full marks for at least two correct algebraic steps seen. 

[3 marks] 

(c) if 25 % of the carbon-14 has decayed, 75% remains ie, 75  units remain
ln 2

573075 100e
t−

= (A1) 

EITHER 

using an appropriate graph to attempt to solve for t (M1) 

OR 

manipulating logs to attempt to solve for t (M1) 

ln 2
ln 0.75

5730
t= −

2378.164...t =

THEN 

2380t = (years) (correct to the nearest 10 years) A1 

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

1

0

E ( 1) dnX n x x+= +  M1 

( )
1

2

0

1
2

nx
n

n

+ 
= +  

+ 
A1 

leading to ( )
1

E
2

n
X

n

+
=

+
AG 

[2 marks] 

(b) METHOD 1

use of ( ) ( ) ( )
22Var E E= −   X X X M1 

( ) ( )
21

2

0

1
Var 1 d

2

+ + 
= + − 

+ 


n n
X n x x

n

( )
1 2

3

0

1 1
1

3 2

+ +   
= + −  + +   

n n
n x

n n

2
1 1

3 2

+ + 
= −  

+ + 

n n

n n
A1 

( )( ) ( ) ( )

( ) ( )

2 2

2

1 2 1 3

2 3

+ + − + +
=

+ +

n n n n

n n
M1 

EITHER 

( ) ( )( )
( ) ( )

2 2

2

1 4 4 4 3

2 3

n n n n n

n n

+ + + − + +
=

+ +
A1 

OR 

( ) ( )
( ) ( )

3 2 3 2

2

5 8 4 5 7 3

2 3

n n n n n n

n n

+ + + − + + +
=

+ +
A1 

THEN 

so ( )
( ) ( )

2

1
Var

2 3

n
X

n n

+
=

+ +
AG 

continued… 
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Question 6 continued 

METHOD 2 

use of ( ) ( )( )
2

Var E EX X X= − M1 

( ) ( )
21

0

1
Var 1 d

2

nn
X n x x x

n

+ 
= + − 

+ 
  

( )
( )

( ) ( )

1

3 2 1

2 2

0

2 11 1
1

3 2 2

n n n
n n

n x x x
n n n

+ + +
 + +

= + − + 
+ + +  

2
1 1

3 2

n n

n n

+ + 
= −  

+ + 
A1 

( ) ( ) ( )( )( )
( ) ( )

2

2

1 2 1 3

2 3

n n n n

n n

+ + − + +
=

+ +
M1 

EITHER 

( ) ( )( )
( ) ( )

2 2

2

1 4 4 4 3

2 3

n n n n n

n n

+ + + − + +
=

+ +
A1 

OR 

( ) ( )
( ) ( )

3 2 3 2

2

5 8 4 5 7 3

2 3

n n n n n n

n n

+ + + − + + +
=

+ +
A1 

THEN 

so ( )
( ) ( )

2

1
Var

2 3

n
X

n n

+
=

+ +
AG 

[4 marks] 
Total [6 marks] 
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7. (a) Jack and Andrea finish in that order (as a unit) so we are considering the 
arrangement of 7 objects (M1) 

( )7! 5040=  ways A1 

[2 marks] 

(b) METHOD 1

the number of ways that Andrea finishes in front of Jack is equal to the number of
ways that Jack finishes in front of Andrea (M1) 

total number of ways is  8! (A1) 

( )
8!

20160
2

=  ways A1 

[3 marks] 

METHOD 2 

the other six runners can finish in ( )6! 720=  ways (A1) 

when Andrea finishes first, Jack can finish in 7 different positions 

when Andrea finishes second, Jack can finish in 6 different positions etc 

( )7 6 5 4 3 2 1 28+ + + + + + = ways (A1) 

hence there are ( )7 6 5 4 3 2 1 6!+ + + + + +   ways

( )28 6! 20160 = ways A1 

[3 marks] 
Total [5 marks] 
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8. 
1 1 cos isin

1 1 cos isin

z

z

 

 

+ + +
=

− − −

attempt to use the complex conjugate of their denominator M1 

( )( )

( )( )

1 cos isin 1 cos isin

1 cos isin 1 cos isin

   

   

+ + − +
=

− − − +
A1 

( )

2 2 2 2

2 2

1 1 cos sin 1 cos sin
Re  

1 2 2cos1 cos sin

z

z

   

 

 + − − − − 
= =  

− −  − +  
M1A1 

Note:  Award M1 for expanding the numerator and A1 for a correct numerator. Condone 
either an incorrect denominator or the absence of a denominator. 

using 2 2cos sin 1 + = to simplify the numerator (M1) 

1
Re 0

1

z

z

+ 
= 

− 
 AG 

[5 marks] 
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9. (a) 21 t t− + A1 

Note: Accept 1, t−  and 2t . 

[1 mark] 

(b) 

( )
( )

1
2 4

2 4

1
sec 1 ...

2! 4!
1 ...

2! 4!

x x
x

x x

−   
 = = − + −  
   − + −  

(M1) 

cos 1t x= − or ( )
2

sec 1 (cos 1) cos 1x x x= − − + − (M1) 

( ) ( )
2

2 4 2 4

1 ... ...
2! 4! 2! 4!

x x x x   
= − − + − + − + −   

   
A1 

2 4 4

1
2 24 4

x x x
= + − + A1 

so the Maclaurin series for sec x  up to and including the term in 
4x is 

2 45
1

2 24

x x
+ + AG 

[4 marks] 

Note: Condone the absence of ‘…’ 

(c) 
( )

3
2

arctan 2 2 ...
3

x
x x= − +

( )
3

2 40 0

2
2 ...

3arctan 2
lim lim

sec 1 5
1 1

2 24

x x

x
x x

x x

x x x→ →

  
 − + 

     =   
−     + + −   

 

M1 

4
2

2 40

8
2 ...

3lim
5

2 24

x

x
x

x x→

 
− + 

=  
 + 
 

A1 

2
2

2 20

4
2 1

3
lim

5
1

2 12

x

x
x

x x→

  
−  

  =
  

+  
  

4= A1 

Note:  Condone missing ‘lim’ and errors in higher derivatives. 

  Do not award M1 unless x is replaced by 2x in arctan. 

[3 marks] 
Total [8 marks] 
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Section B 

10. (a) use of inverse normal to find z-score (M1) 

2.0537...z =

82 75
2.0537...



−
= (A1) 

3.408401... =

3.41 = A1 

[3 marks] 

(b) evidence of identifying the correct area under the normal curve (M1) 

( )P 80 0.071193...T  =  

( )P 80 0.0712T  = A1 

[2 marks] 

(c) recognition that ( )P 80 82T   is required (M1) 

( )
( )
( )

P 80 82 0.051193...
82 80

P 80 0.071193...

T
P T T

T

   
  = =  

  
(M1)(A1) 

 0.719075...=  

 0.719=  A1 

[4 marks] 

continued… 
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Question 10 continued 

(d) recognition of binomial probability (M1) 

( )B 64,0.071193...X  or ( )E 64 0.071193...X =   (A1) 

( )E 4.556353...X =  

( )E 4.56X =  (flights) A1 

 [3 marks] 

(e) ( ) ( ) ( )P 6 7 1 P 6X P X X =  = −  (M1) 

1 0.83088...= − (A1) 

0.1691196...=

0.169=  A1 

 [3 marks] 
Total [15 marks] 
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11. (a) attempt to use ( )( )
2

π d

b

a

V f x x=  (M1) 

( )

2

ln16 ln162
2

2

0 0

e e
π d  π d

1 e 1 e

x

x

x x

k
V x V k x

   
   = =
   + +    

 

EITHER 

applying integration by recognition (M1) 

ln16

2

0

1
π

1 ex
k

 
= − + 

A3 

OR 

1 e d e dx xu u x= +  = (A1) 

attempt to express the integral in terms of u (M1) 

when 0x = , 2u = and when ln16x = , 17u =

17

2

2

2

1
π dV k u

u
=  (A1) 

17

2

2

1
πk

u

 
= − 

 
A1 

OR 

e d e dx xu u x=  = (A1) 

attempt to express the integral in terms of u (M1) 

when 0x = , 1u =  and when ln16x = , 16u =

( )

16

2

2

1

1
π d

1
V k u

u
=

+
 (A1) 

16

2

1

1
π

1
k

u

 
= − + 

A1 

Note: Accept equivalent working with indefinite integrals and original limits for x. 

THEN 

2 1 1
π

2 17
k

 
= − 

 
A1 

so the volume of the solid formed is 
215 π

34

k  cubic units AG 

Note: Award (M1)(A0)(M0)(A0)(A0)(A1) when 
15

34
is obtained from GDC 

[6 marks] 
continued… 
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Question 11 continued 

(b) a valid algebraic or graphical attempt to find k (M1) 

2 300 34

15π


=k

170 680
14.7 2

π π

 
= = =  

 
k  (as +k ) A1 

Note:  Candidates may use their GDC numerical solve feature. 

[2 marks] 

(c) (i) attempting to find ( )OA 0
2

= =
k

f

with 
170 680

14.712... 2
π π

 
= = =  

 
k (M1) 

170
OA 7.36 

π

 
= =  

 
A1 

(ii) attempting to find ( )
4

BC ln16
17

= =
k

f

with 
170 680

14.712... 2
π π

 
= = =  

 
k (M1) 

8 170 8 10
BC 3.46 

17 π 17π

 
= = =  

 
A1 

[4 marks] 

continued… 
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Question 11 continued 

(d) (i) EITHER 

recognising to graph ( )y f x= (M1) 

Note:  Award M1 for attempting to use quotient rule or product rule differentiation. 

( )
( )

( )

2

2

e 1 e

2 1 e

x

x

x

k
f x

−
 =

+

for 0x  graph decreasing to the local minimum A1 

before increasing towards the x-axis A1 

continued… 
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Question 11 continued 

OR 

recognising to graph ( )y f x= (M1) 

Note: Award M1 for attempting to use quotient rule or product rule differentiation. 

( )
( )

( )

22

3

e e 6e 1

4 1 e

x

x x

x

k
f x

− +
 =

+

for 0x  , graph increasing towards and beyond the x-intercept A1 

recognising ( ) 0f x =  for maximum rate (A1) 

THEN 

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

Note: Only award A marks if either graph is seen. 

(ii) attempting to find ( )1.76...f (M1) 

the cross-sectional radius at this point is 5.20  
85

π

 
  
 

(cm) A1 

[6 marks] 
Total [18 marks] 
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12. (a) EITHER 

( )
( )

( )
( )

2 2

2 2

1 1
arcsin arcsin

11

x x
f x f x

xx

 − −  −
− = = =     +− +   

R1 

OR 

a sketch graph of ( )y f x=  with line symmetry in the y-axis indicated R1 

THEN 

so ( )f x  is an even function AG 

[1 mark] 

(b) as x→ , ( )
π

arcsin1 
2

f x
 

→ → 
 

A1 

so the horizontal asymptote is 
π

2
y = A1 

[2 marks] 

continued… 
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Question 12 continued 

(c) (i) attempting to use the quotient rule to find 
2

2

d 1

d 1

x

x x

 −
 

+ 
M1 

( ) ( )

( ) ( )

2 22

2 22 2 2

2 1 2 1d 1 4
 

d 1 1 1

x x x xx x

x x x x

 + − − −  = = 
 +  + +
 

A1 

attempting to use the chain rule to find 

2

2

d 1
arcsin

d 1

x

x x

  −
  

+  
M1 

let 
2

2

1

1

x
u

x

−
=

+
 and so arcsiny u= and 

2

d 1

d 1

y

u u
=

−

( )
( )

22 22

2

1 4

11
1

1

x
f x

xx

x

 = 
+ −

− 
+ 

M1 

( ) ( ) ( )22 2
2 2

4 1

11 1

x

xx x

= 
++ − −

A1 

( )22

4 1

14

x

xx
= 

+
A1 

( )2 2

2

1

x

x x
=

+
AG 

(ii) ( )
( )2

2

1

x
f x

x x
 =

+

EITHER 

for 0x  , x x= − (A1) 

so ( ) 2

2

1
f x

x
 = −

+
A1 

OR 

0x  and 2 1 0x +  A1 

2 0, 0x x  A1 

THEN 

( ) 0f x  R1 

Note:  Award R1 for stating that in ( )f x , the numerator is negative, and the

denominator is positive. 

so f  is decreasing for 0x  AG 

Note:  Do not accept a graphical solution. 

[9 marks] 
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Question 12 continued 

(d) 
2

2

1
arcsin

1

y
x

y

 −
=  

+ 
M1 

2
2 2

2

1
sin sin sin 1

1

y
x y x x y

y

−
=  + = −

+
A1 

2 1 sin

1 sin

x
y

x

+
=

−
A1 

domain of g  is , 0x x   and so the range of 
1g−

must be , 0y y 

hence the positive root is taken (or the negative root is rejected) R1 

Note:  The R1 is dependent on the above A1. 

so ( )( )1 1 sin

1 sin

x
g x

x

− +
=

−
A1 

Note: The final A1 is not dependent on R1 mark. 

[5 marks] 

(e) domain is
π π

2 2
x−   A1 

Note:  Accept correct alternative notations, for example, 
π π

,
2 2

 
− 
 

or 
π π

,
2 2

 
− 
 

. 

Accept  1.57,1.57− if correct to 3 s.f.

[1 mark] 

continued… 
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31 

Question 12 continued 

(f) 

A1A1A1 

Note: A1 for correct domain and correct range and y-intercept at 1y =

 A1 for asymptotic behaviour 
π

2
x →

 A1 for 
π

2
x =

Coordinates are not required.
 Do not accept 1.57=x or other inexact values. 

[3 marks] 
Total [21 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
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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 =
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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/HP2/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 

A GDC is required for this paper, but If you see work that suggests a candidate has used any 
calculator not approved for IB DP examinations (eg CAS enabled devices), 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/HP2/ENG/TZ1/XX/M 
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Section A 

1. (a) ,  

,  A1A1 

 [2 marks] 

(b) attempt to substitute  into their equation (M1) 

 A1 
[2 marks] 

(c)  , A1 
[1 mark] 

(d) 

A1A1 

Note: Award marks as follows: 
A1 for a straight line going through (15, 11) 

A1 for intercepting the y-axis between their  (when their line is 
extended), which includes all the data for . 

If the candidate does not use a ruler, award A0A1 where appropriate. 

[2 marks] 
Total [7 marks] 

a = 0.433156... b = 4.50265...

0.433a = 4.50b =

18x =

0.433 18 4.50y = ´ +
= 12.2994...
12.3=

15x = 11y =

b±1.5
3.3≤ x ≤ 25.3
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2. 
Note: In this question, do not penalise incorrect use of strict inequality signs. 

Let  = mass of a bag of sugar 

(a) evidence of identifying the correct area (M1) 

A1 
[2 marks] 

(b)  
A1 

[1 mark] 

Note: Accept 7.66 . 

(c) recognition that is required (M1) 

 (A1) 

A1 

 [3 marks] 
Total [6 marks] 

X

P(X < 995) = 0.0765637...

= 0.0766

0.0766 100´
8»

( )P 1005| 995X X> ³

( )
( )

P 995 1005
P 995

X X
X

³ Ç >
³

P( 1005)
P( 995)
X
X
>
³

0.07656…
1− 0.07656…

= 0.07656…
0.9234…

⎛
⎝⎜

⎞
⎠⎟

= 0.0829
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3. Amplitude is  (A1) 

A1 

A1 

 OR (M1) 

A1 

Total [5 marks] 

4. (a) recognising   

 

 (sec) A1 
Note: Do not award A1 if additional values are given. 

[2 marks] 

(b)  OR  (A1) 

 (m) A1 
[2 marks] 

(c) recognising acceleration at  is given by  (M1) 

acceleration 

 (ms-2) A1 
 [2 marks] 

Total [6 marks] 

110 55
2

=

55a = -

65c =

2 20
b
p
= −55cos(20b)+ 65= 10

( )0.314
10

b p
= =

0v =

t = 6.74416...

= 6.74

( )
10

0
dv t tò − v(t)

0

6.74416...

∫ dt + v(t)
6.74416...

9.08837...

∫ dt − v(t)
9.08837...

10

∫ dt

= 37.0968...

37.1=

7t = '(7)v

= 5.93430...

5.93=

(M1) 
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5. METHOD 1

product of a binomial coefficient, a power of 3 (and a power of ) seen (M1) 
evidence of correct term chosen (A1) 

 OR  

equating their coefficient to 20412 or their term to  (M1) 

EITHER 

(A1) 

OR 

(A1) 

THEN 

A1 

METHOD 2 

product of a binomial coefficient and a power of  OR  seen (M1) 

evidence of correct term chosen (A1) 

equating their coefficient to 20412 or their term to  (M1) 

(A1) 

 A1 

Total [5 marks] 

2x

n+1C2 × 3
n+1−2 × x2( )2 = n(n+1)

2
× 3n−1 × x4

⎛
⎝⎜

⎞
⎠⎟

n− r = 1

420412x

1 1
2 3 20412n nC+ -´ =

2 3 20412 6r r
rC r+ ´ = Þ =

7n =

3n+1 1+ x
2

3
⎛
⎝⎜

⎞
⎠⎟

n+1

2

3
x 1

3

22
1 1 41

2
( 1)3 3

3 2
nn nx n xnC+ + -æ ö +æ ö=ç ÷ ç ÷

è
´
è

´
øø

420412x

3n−1 × n(n+1)
2

= 20412

7n =
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6 (a) attempt to find a vector perpendicular to  and  
using a cross product (M1) 

 

 (A1) 

equation is A1 
[3 marks] 

(b) attempt to solve 3 simultaneous equations in 3 variables (M1) 

A1 

 [2 marks] 
Total [5 marks] 

7. (a) recognition of the need to integrate (M1) 

EITHER 

 (or equivalent) (A1) 

 

A1 

continued… 

1Π 2Π

( )( ) ( ) ( )
3 1
2 2 2 2 1 3 6 2
1 1

æ ö æ ö
ç ÷ ç ÷´ - = - - + - + - -ç ÷ ç ÷
ç ÷ ç ÷
è ø è ø

i j k

4 2
2 2 1
8 4

æ öæ ö æ ö
ç ÷ç ÷ ç ÷= - = -ç ÷ç ÷ ç ÷

ç ÷ ç ÷ç ÷- -è ø è øè ø

( )4 2 8 0 2 4 0x y z x y z- - = Þ - - =

( )( )41 10 23, , 1.95, 0.476,1 .10
21 21 21

æ ö- = -ç ÷
è ø

( )32

x

x k+

( )
( )

32
d 1

k

x

x
x

+
=ò

2 d 2
d
uu x k x
x

= + Þ =

( )

3
2

32

1d d
2

x x u
k

u
x

-
=

+
ò ò

( ) ( ) ( )
1 1

22 2u c x k c
- -æ ö

= - + = - + +ç ÷
è ø
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Question 7 continued 

OR 

 (A1) 

A1 
THEN 
attempt to use correct limits for their integrand and set equal to 1 M1 

 OR  

A1 

AG 

 [5 marks] 

(b) attempt to solve (M1) 

A1 
[2 marks] 

Total [7 marks] 

8. (a) A1 
[1 mark] 

(b) attempt to find (M1) 

 A1 

 [2 marks] 

continued… 

( ) ( )3 32 2

1 2d d
2x k k

xx
x

x x
+ +

=ò ò

( ) ( )
1

2 2x k c
-

= - + +

161
2 1

k

k

u
+

-é ù
- =ê ú
ë û

( )
41

2 2

0

1x k
-é ù

- + =ê ú
ë û

( )
11
22

1 116 1 1
16

k k
k k

-- æ ö- + + = Þ - =ç ÷+è ø

16 16k k k k+ - = +

16 16k k k k+ - = +
0.645038...k =
0.645=

( )16zw =

( ) ( )arg argz w+

( ) ( ) ( )arg arg argzw z w= +

( )1 2 ππ 2 π
5 5 5

kk æ ö-
= - =ç ÷

è ø
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Question 8 continued 

(c) (i)  is a multiple of  (M1) 

 is a multiple of 5 (M1) 
A1 

(ii) 

A1 
 [4 marks] 

Total [7 marks] 

9. (a)  OR A1 

 AG 
Note:  𝑦 − 𝑥 may be identified as a length on a diagram, and not written explicitly. 

[1 mark] 

(b) attempt to differentiate with respect to t (M1) 

 A1 

attempt to set speed of B equal to double the speed of A (M1) 

 

 A1 

 OR  (A1) 

Note:  This A1 can be awarded independently of previous marks. 

 

So the speed of boat A is 5.2 (ms-1) A1 

Note:  Accept 5.20 from the use of inexact values. 

[6 marks] 
Total [7 marks] 

( )argzw zwÎ ÞZ π
1 2kÞ -
3k =

( ) ( )( )16 cos π isin πzw= - + -

16-

50tan
y x

q =
-

cot
50
y xq -

=

50coty x q= +

( )2d d d50 cosec
d d d
y x
t t t

qq= -

( )2d d d2 50 cosec
d d d
x x
t t t

qq= -

( )2d d50 cosec
d d
x
t t

qq= -

( )arctan5 1.373 78.69q = = …= …° 2 2
21 261

5
cose t

5
1

2
c coq q æ ö= + =ç

è
= ÷

ø
+

26 0.1
25

d 50
d
x
t

æ ö
ç ÷

ø
´-= -

è
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Section B. 

10. (a) attempt to find the point of intersection of the graph of  and the line (M1) 
 

 A1 

 [2 marks] 

(b) A1 
attempt to set the gradient of  equal to (M1) 

Q has coordinates  (accept A1A1 

Note: Award A1 for each value, even if the answer is not given as a coordinate pair.  

Do not accept  as a final value for .  Do not accept 2.0 or 2.00 

as a final value for .

[4 marks] 

(c) attempt to substitute coordinates of Q ( in any order)
into an appropriate equation (M1) 

 OR A1 
equation of  is AG 

[2 marks] 

continued… 

f y x=
5.56619...x =

5.57=

0.5( ) 45e xf x -¢ = -
f 1-

0.545e 1x-- = -

( )2ln 45,2 1( 2ln ,2)
45

-

1ln ln 4545  or 
0.5 0.5-

x

y

( )2 2ln45y x- = - - 2 2ln 45 c= - +
L 2ln 45 2y x= - + +
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Question 10 continued 

(d) (i) A1 

(ii) appropriate method to find the sum of two areas using integrals of the difference
of two functions (M1)

Note: Allow absent or incorrect limits. 

(A1)(A1) 

Note: Award A1 for one correct integral expression including correct limits 
and integrand. 
Award A1 for a second correct integral expression including correct limits and 
integrand. 

 
 A1 

[5 marks] 

(e) by symmetry  (M1) 

A1 
Note: Accept any answer that rounds to 3.0 (but do not accept 3). 

[2 marks] 
Total [15 marks] 

( )ln 45 1 4.81x = + =

( )( ) ( )( )5.566... 7.613... 0.5

4.806... 5.566...
2 ln 45 2 d 90e 2ln 45 2 dxx x x x x-- - + + + - - + +ò ò

1.51965...=
1.52=

2 1.52´
3.03930...=
3.04=
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11. (a) attempt to solve  e.g. by factorising    (M1) 

 or vice versa A1 

 [2 marks] 

(b) attempt to use quotient rule or product rule (M1) 

EITHER 

A1A1 

Note:  Award A1 for each term in the numerator with correct signs, provided correct 
denominator is seen. 

OR 

A1A1 

Note:  Award A1 for each term. 

[3 marks] 

(c) attempt to find the local min point on  OR solve (M1) 

A1 
[2 marks] 

continued… 

24 1 0x - = 24 1x -
1 1,
2 2

p q= = -

( ) ( ) ( )
( ) ( )

2 2

2 22 2

3 4 1 8 3 2 12 16 3'
4 1 4 1

x x x x xf x
x x

æ ö- - + - - -ç ÷= =
ç ÷- -è ø

( ) ( )( ) ( )2 12 2' 8 3 2 4 1 3 4 1f x x x x x
- -

= - + -+-

( )y f x¢= ( ) 0f x¢¢ =
1.60x = -
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Question 11 continued 

(d) 

A1A1A1A1A1 

Note:  Award A1 for both vertical asymptotes with their equations, award A1 for 
horizontal asymptote with equation, award A1 for each correct branch including 
asymptotic behaviour, coordinates of minimum and maximum points (may be 
seen next to the graph) and values of axes intercepts.   

  If vertical asymptotes are absent (or not vertical) and the branches overlap as a 
consequence, award maximum A0A1A0A1A1. 

[5 marks] 

continued… 
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Question 11 continued 

e) A1 

(oblique asymptote has) gradient (A1) 

appropriate method to find complete equation of oblique asymptote M1 

 

A1 

Note: Do not award the final A1 if the answer is not given as an equation. 

[4 marks] 

f) attempting to find at least one critical value  (M1) 

 OR  OR A1A1A1 

Note: Only penalize once for use of  rather than . 

[4 marks] 
Total [20 marks] 

( )2 0.667
3

x = - = -

( )4 1.33
3
=

2

4 8
3 9

3 2 4 0 1

x

x x x

-

+ + -

2 84
3

8 1
3
8 16
3 9

x x

x

x

+

- -

- -

7
9

( )4 1.33 0.8898
3 9

y x x= - = -

( )0.568729..., 1.31872...x x= - =
2 0.569
3

x- < < - 0.5 0.5x- < < 1.32x >

£ <
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12. (a)

(A1) 

attempt to compare coefficients OR substitute  and  and solve (M1) 

 and A1 

[3 marks] 

(b) attempt to integrate their (M1) 

A1A1 

[3 marks] 

Note: Award A1 for each correct term. Award A1A0 for a correct answer without modulus 
 signs. Condone the absence of +c. 

continued… 

( )
1  a b

x k x x k x
º +

- -

( ) 1a k x bx- + =
x k= 0x =

1a
k

=
1b
k

=

( ) ( )
1 1'f x
kx k k x

= +
-

a b
x k x
+

-

( ) 1 1 1 df x x
k x k x

æ ö= +ç ÷-è øò

( )( ) ( )1 1ln ln ln xx k x c c
k k k x

æ ö
= - - + = +ç ÷-è ø
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Question 12 continued 

(c) attempt to separate variables and integrate both sides M1 

A1 

Note: There are variations on this which should be accepted, such as 

  Subsequent marks for these variations should be awarded as 

appropriate. 

EITHER 

attempt to substitute ,  into an equation involving  M1 

 A1 

A1 

A1 

OR 

 A1 

attempt to substitute ,  M1 

 A1 

A1 

continued… 

( )
15 d = 1dk P t

P k P-ò ò
( )( )5 ln lnP k P t c- - = +

( )( )1 1ln ln .
5

P k P t c
k k

- - = +

0t = 1200P = c

( )( ) 12005 ln1200 ln 1200 5ln
1200

c k
k

æ öæ ö= - - = ç ÷ç ÷-è øè ø
( )( ) ( )( )5 ln ln 5 ln1200 ln 1200P k P t k- - = + - -

( )
( )
1200

ln
1200 5
P k t

k P
æ ö-

=ç ÷ç ÷-è ø
( )

( )
5

1200
e

1200

tP k
k P
-

=
-

ln
5

P t c
k P

+æ ö =ç ÷-è ø
5e
tP A

k P
=

-
0t = 1200=P

1200
1200

A
k

=
-

51200e
1200

t

P
k P k

=
- -
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Question 12 continued 

THEN  

attempt to rearrange and isolate M1 

 OR  

OR  

 OR  A1 

AG 

[8 marks] 

(d) attempt to substitute ,  (M1) 

(A1) 

 
  A1 

Note:  Award (M1)(A1)A0 for any other value of  which rounds to 2850 
[3 marks] 

(e) attempt to find the maximum of the first derivative graph OR zero

of the second derivative graph OR that (M1) 

 
 (days) A2 

Note:  Accept any value which rounds to 1.6. 
[3 marks] 

Total [20 marks] 

P
5 51200 1200 e 1200 e- = -
t t

Pk P k P 5 5e 1200 e 1200 1200
- -
- = -

t t

Pk P k P

5

12001
1200e

-
- = t

k k
P

5 51200 1200e 1200 e
t t

P k k
æ ö
- + =ç ÷

è ø
5 5 0e 120 12 0 120e 00
t t

kP k
- -æ ö

+ =
ø

-ç ÷
è

( ) 5

1200

1200 e 1200
t
kP

k
-

=
- +

10t = 2400=P

( ) 2

12002400
1200 e 1200- +

=
-

k
k

2845.34...=k
2845=k

k

( )1422.67...
2
kP = =

1.57814...t =
1.58=
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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 
 

A GDC is required for paper 2, but calculators with symbolic manipulation features/ CAS functionality 
are not allowed. 

 
Calculator notation 
The subject guide says: 
 Students must always use correct mathematical notation, not calculator notation. 
 
Do not accept final answers written using calculator notation. However, do not penalize the use of 
calculator notation in the working. 

 
  

 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) METHOD 1 

  attempt to use the cosine rule (M1) 

  
2 2 24 4 5cos
2 4 4

  


 
 (or equivalent) A1 

  1.35   A1 
[3 marks] 

 
  METHOD 2 

  attempt to split triangle AOB into two congruent right triangles (M1) 

  
2.5sin

2 4
   
 

 A1 

  1.35    A1 
[3 marks] 

 
 (b) attempt to find the area of the shaded region (M1) 

  1 4 4 (2
2
      A1 

  39.5 (cm2) A1 
[3 marks] 

 
Total [6 marks] 

 
 

2. (a) 
45.51

4 100
   

 (M1)(A1) 

  1.056  A1 
[3 marks] 

 
 

continued… 
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Question 2 continued 
 
 (b) EITHER 

  
45.52 1

100 4

n

P P      
 OR  2 their ( ) mP P a   (M1)(A1) 

 
Note:  Award (M1) for substitution into loan payment formula. Award (A1) for correct substitution. 

 
  OR 

  PV 1   
  FV 2   
  I% 5.5  
  P/Y  4 
  C/Y  4 
  50.756n   (M1)(A1) 
 

  OR 

  PV 1   
  FV 2   
  I% 100 (their ( ) 1)a   
  P/Y  1 
  C/Y  1 (M1)(A1) 
 

  THEN 

   12.7 years 
  Laurie will have double the amount she invested during 2032 A1 

[3 marks] 
 

Total [6 marks] 
 
 
3. (a) recognition of binomial (M1) 
  ~ B(5, 0.7)X  

  attempt to find  P 3X   M1 

   0.472 0.47178   A1 
[3 marks] 

 
 (b) recognition of 2 sixes in 4 tosses (M1) 

       2 24
P 3rd six on the 5th toss 0.7 0.3 0.7( 0.2646 0.7)

2
  

       
  

 A1 

   0.185 0.18522   A1 
[3 marks] 

 
Total [6 marks] 
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4. (a) 1.29a   and 10.4b    A1A1 
[2 marks] 

 
 (b) recognising both lines pass through the mean point (M1) 
  28.7 , 30.3p q   A2 

[3 marks] 
 
 (c) substitution into their x on y equation (M1) 
  1.29082(29) 10.3793x     
  27.1x   A1 
 

Note: Accept 27. 
[2 marks] 

 
Total [7 marks] 

 
 
5. (a) use of a graph to find the coordinates of the local minimum (M1) 
  16.513...s    (A1) 
  maximum distance is 16.5 cm (to the left of O) A1 

[3 marks] 
 
 (b) attempt to find time when particle changes direction eg considering the  

first maximum on the graph of s  or the first t – intercept on the graph of .s  (M1) 
  1.51986...t   (A1) 

  attempt to find the gradient of s  for their value of t,  1.51986...s  (M1) 
  8.92   (cm/s2) A1 

[4 marks] 
 

Total [7 marks] 
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6. (a) METHOD 1 
  attempting to use the expected value formula (M1) 
             E 1 0.60 2 0.30 3 0.03 4 0.05 5 0.02X            

     E 1.59 $X   (A1) 

  use of    E 1.20 2.40 1.20E 2.40X X    (M1) 

     E 1.20 1.59 2.40T    

   4.31 $  A1 
 
  METHOD 2 

  attempting to find the probability distribution for T (M1) 
 

t  3.60 4.80 6.00 7.20 8.40 
 P T t  0.60 0.30 0.03 0.05 0.02 

    (A1) 
  attempting to use the expected value formula (M1) 
             E 3.60 0.60 4.80 0.30 6.00 0.03 7.20 0.05 8.40 0.02T            

   4.31 $  A1 
[4 marks] 

 
 (b) METHOD 1 

  using      2Var 1.20 2.40 1.20 VarX X   with  Var 0.8419X   (M1) 

   Var 1.21T   A1 
 
  METHOD 2 
  finding the standard deviation for their probability distribution found  

in part (a) (M1) 
     2Var 1.101...T   
  1.21  A1 
 

Note: Award M1A1 for    2Var 1.093... 1.20T   . 
[2 marks] 

 
Total [6 marks] 
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7. attempting to find B Ar r  for example (M1) 

 B A

3 5
6 4

t
   

        
r r  

 attempting to find B Ar r  M1 

 distance      2 2 2( ) 3 5 4 6 41 78 45d t t t t t        A1 

 using a graph to find the d  coordinate of the local minimum M1 

 the minimum distance between the ships is    11 412.81 km  km
41

 
  
 

 A1 

Total [5 marks] 
 
 
8. substituting 2iw z  into 3 5 5iz w     M1 
 6i 5 5iz z     A1 
 let iz x y   

 comparing real and imaginary parts of    i 6i i 5 5ix y x y      M1 
 to obtain 6 5x y   and 6 5x y    A1 
 attempting to solve for x  and y  M1 
 1x    and 1y   and so 1 iz   A1 
 hence 2 2iw     A1 
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9. METHOD 1 

 sketching the graph of 
2

3
xy

x



 ( 93

3
y x

x
  


) M1 

 the (oblique) asymptote has a gradient equal to 1  
and so the maximum value of m  is 1 R1 

 consideration of a straight line steeper than the horizontal line joining  
 3,0  and  0,0  M1 

 so 0m    R1 
 hence 0 1m   A1 
 
 METHOD 2 

 attempting to eliminate y to form a quadratic equation in x  M1 
  2 2 9x m x   

   21 9 0m x m     A1 
 
 EITHER 

 attempting to solve   4 1 9 0m m     for m  M1 
 
 OR 

 attempting to solve 2 0x  ie  9 0 1
1

m m
m

 


 for m  M1 

 
 THEN 

 0 1m    A1 
 a valid reason to explain why 1m   gives no solutions eg if 1m  ,  

  21 9 0 9 0m x m     and so 0 1m   R1 
 

Total [5 marks] 
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Section B 
 
10. (a) attempt to use the symmetry of the normal curve (M1) 
  eg diagram, 0.5 0.1446 

   P 24.15 25 0.3554X    A1 
[2 marks] 

 
(b) (i) use of inverse normal to find z score (M1) 

   1.0598z    

   correct substitution 24.15 25 1.0598



   (A1) 

   0.802   A1 
 
  (ii)  P 26 0.106X    (M1)A1 

[5 marks] 
 
 (c) recognizing binomial probability (M1) 
  E( ) 10 0.10621Y   (A1) 
   1.06  A1 

[3 marks] 
 

(d)  P 3Y   (M1) 
  0.0655  A1 

[2 marks] 
 

(e) recognizing conditional probability (M1) 
  correct substitution A1 

  
 

0.3554
1 0.10621  

   0.398  A1 
[3 marks] 

 
Total [15 marks] 
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11. (a) METHOD 1 

  using    de P t tI t   M1 

  
1 d

1e
t

t  
   ln 1e t  A1 
  1t   AG 
 
  METHOD 2 

  attempting product rule differentiation on   d 1
d

x t
t

  M1 

      d d1 1
d d

xx t t x
t t

     

    d1
d 1
x xt
t t

     
 A1 

  so 1t   is an integrating factor for this differential equation AG 
[2 marks] 

 
 

continued… 
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Question 11 continued 
 
 (b) attempting to multiply through by  1t  and rearrange to give (M1) 

      4d1 10 1 e
d

txt x t
t


     A1 

       4d 1 10 1 e
d

t

x t t
t


    

      41 10 1 e  d
t

x t t t


    A1 
  attempting to integrate the RHS by parts M1 

    4 440 1 e 40 e  d
t t

t t
 

      

    4 440 1 e 160e
t t

t C
 

      A1 
 

Note: Condone the absence of C . 
 
  EITHER 

  substituting 0, 0t x  200C   M1 

  
  4 440 1 e 160e 200

1

t t

t
x

t

 
   




 A1 

  using 440e
t


  as the highest common factor of   440 1 e

t

t


   and 4160e
t


  M1 

 
  OR 

  using 440e
t


  as the highest common factor of   440 1 e

t

t


   and 4160e
t


  giving 

   41 40e 5
t

x t t C


      (or equivalent) M1A1 
  substituting 0, 0t x  200C   M1 
 
  THEN 

     4200 40e 5
1

t

t
x t

t


 




 AG 

[8 marks] 
 
 

continued… 
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Question 11 continued 
 
 (c)  

 
  graph starts at the origin and has a local maximum (coordinates not required) A1 
  sketched for 0 60t   A1 
  correct concavity for 0 60t   A1 
  maximum amount of salt is 14.6 (grams) at 6.60t   (minutes) A1A1 

[5 marks] 
 

(d) using an appropriate graph or equation (first or second derivative) M1 
  amount of salt is decreasing most rapidly at 12.9t   (minutes) A1 

[2 marks] 
 
 (e) EITHER 
  attempting to form an integral representing the amount of salt that left  

the tank M1 

  
60

0

( ) d
1

x t t
t   

   
 

60 4

2
0

200 40e 5
d

1

t

t
t

t


 

  A1 

 
  OR 
  attempting to form an integral representing the amount of salt that entered the  

tank minus the amount of salt in the tank at 60t  (minutes) M1 

  amount of salt that left the tank is  
60

4

0

10e  d 60
t

t x


  A1 

 
  THEN 

  36.7  (grams) A2 
[4 marks] 

 
Total [21 marks] 

 
  



 – 15 – SPEC/5/MATAA/HP2/ENG/TZ0/XX/M 

 

12. (a) stating the relationship between cot and tan and stating the identity  
for tan 2  M1 

  1cot 2
tan 2




  and 
2

2 tantan 2
1 tan







 

  
21 tancot2

2tan




   AG 

[1 mark] 
 
 (b) METHOD 1 

  attempting to substitute tan  for x and using the result from (a) M1 

  
2

2 1 tanLHS tan 2 tan 1
2 tan

 


 
   

 
 A1 

   2 2tan 1 tan 1 0 RHS       A1 
  so tanx   satisfies the equation AG 
  attempting to substitute cot  for x and using the result from (a) M1 

  
2

2 1 tanLHS cot 2cot 1
2 tan

 


 
   

 
 A1 

  
2

2 2
1 1 tan 1

tan tan


 
 

   
 

 A1 

   2 2
1 1 1 1 0 RHS

tan tan 
      A1 

  so cotx    satisfies the equation AG 
 
  METHOD 2 

  let tan   and cot    
  attempting to find the sum of roots M1 

  1tan
tan

  


    

   
2tan 1

tan




  A1 

   2cot 2   (from part (a)) A1 
  attempting to find the product of roots M1 
   tan cot      A1 

  1   A1 
  the coefficient of x and the constant term in the quadratic are 2cot 2 and  

1 respectively R1 
  hence the two roots are tan   and cot    AG 

[7 marks] 
 
 

continued… 
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Question 12 continued 
 
 (c) METHOD 1 

  πtan
12

x   and πcot
12

x    are roots of 2 π2cot 1 0
6

x x    
 

 R1 

 

Note: Award R1 if only πtan
12

x   is stated as a root of 2 π2cot 1 0
6

x x    
 

. 

  2 2 3 1 0x x    A1 
  attempting to solve their quadratic equation M1 
  3 2x     A1 

  πtan 0
12

  ( πcot 0
12

  ) R1 

  so πtan 2 3
12

   AG 

 
  METHOD 2 

  attempting to substitute π
12

   into the identity for tan 2  M1 

  
2

π2tanπ 12tan π6 1 tan
12




 

  2 π πtan 2 3 tan 1 0
12 12

    A1 

  attempting to solve their quadratic equation M1 

  πtan 3 2
12

    A1 

  πtan 0
12

  R1 

  so πtan 2 3
12

   AG 

[5 marks] 
 

 (d) π πtan cot
24 24

  is the sum of the roots of 2 π2cot 1 0
12

x x    
 

 R1 

  π π πtan cot 2 cot
24 24 12

    A1 

  
2

2 3





 A1 

  attempting to rationalise their denominator (M1) 
  4 2 3    A1A1 

[6 marks] 
 

Total [19 marks] 
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