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3. (a) 2 21 4 6 6
2
× ×π× + π×    OR   263×π×  (M1)(A1)(M1) 

Note:  Award M1 for use of surface area of a sphere formula (or curved surface 
area of a hemisphere), A1 for substituting correct values into hemisphere 
formula, M1 for adding the area of the circle.     

 
  2339 mm (108 , 339.292...)= π     A1 

     [4 marks] 
 

 (b) 339.292...
240

   (M1) 

 

  91.41 (g) , 0.45 , 1.41371...
20
π = π 

 
  A1 

     [2 marks] 
 

     Total [6 marks] 
 
 
 

4. (a) (40) 1.50 40 5L = × −   (M1) 
 
  = $ 55  A1 

     [2 marks] 
 
 (b) 70 1.50 5x= −   (M1) 
 
  ( ) 50x =  litres A1 

     [2 marks] 
 
 (c) 1.30x   (A1)  
  1.30 1.50 5x x< −   (M1) 

Note:  Award M1 for a graph showing two intersecting linear functions, 
provided one function has a y-intercept of 0 and the other function 
has a negative y-intercept.   

 
  (minimum value of k =) 25   A1 
    

Note:  Accept 25x > .  
  

     [3 marks] 
 

     Total [7 marks] 
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7. (a) EITHER 
  150 100e p− ×=    OR   10.5 e p− ×=   (M1) 
   
  OR 

   (M1) 
 
  THEN 
  0.693 (0.693147..., ln 2)   A1 

     [2 marks] 
 
 (b) 0.693147... 1.5(1.5) 100eR − ×=   (M1) 
 
  35.4(%) (35.3553...)  A1 

     [2 marks] 
 
 (c) ( ) 0R t >    OR   ( )R t has a horizontal asymptote  R1 

     [1 mark] 
 
 (d) Award A1 for one reasonable limitation of the domain: A1 
   small values of t produce unrealistic results  
   (0) 100%R =    
   large values of t are not possible 
   people do not live forever 
   model is not valid at small or large values of t 
    
  The reason should focus on the domain 0t ≥ . Do not accept answers such as: 
   recollection varies for different people 
   memories are discrete not continuous  
   the nature of the information will change how easily it is recalled 
   emotional/physical stress can affect recollection/concentration 

Note: Do not accept 0t ≥ as this is a limitation that has been given in the question. 
     [1 mark] 

 
     Total [6 marks]  
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11. (a) 2

kI
d

=    (M1) 

  

  24
1.5

k
=    M1 

   

  2

9I
d

=   AG 

Note:  The AG line must be seen for the second M1 to be awarded.  

  Award no marks for substituting 1.5 and 4 into 2

9I
d

=  (i.e., working backwards). 

      [2 marks] 
 (b)   

 
     A1A1 
 

Note:  Award A1 for correct general shape (concave up) with no I-intercept, passing 
through the marked point (1.5, 4); the point must be labelled with either the 
coordinates or the values 1.5 and 4 on the x and y axes. Award A1 for the 
curve showing asymptotic behavior  (i.e. I tends to 0, as d tends to infinity), 
extending to at least 6d = ; the curve must not cross nor veer away from the 
horizontal asymptote. 

     [2 marks] 
 

 (c) 6
2

91.5 10
d

−× ≥   (M1) 

Note:  Award (M1) for a correct inequality. 
 
  2450 (m) (2449.48...)d ≥   A1 

Note:  Award A0 for 2450d = . 
     [2 marks] 

 
Total [6 marks]   
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1. (a)  (i) 23 mg  A1 
 

  (ii) 1 0.85−   OR  23 19.55
23
−   OR  0.15 (M1) 

   15 (%)   A1 
[3 marks] 

 
 (b)  1023(0.85)         (M1) 

 4.53 mg (4.52811…)  A1 
[2 marks] 

 
Total [5 marks] 

 
 
 
2. (a) attempt at substitution into 3D distance formula (M1) 
  2 2 2AB (140 20) (15 5) 250= − + − +     ( )77000=       

   277 m (10 770 , 277.488...)=  A1 
[2 marks] 

 
 (b) attempt at substitution in the midpoint formula (M1) 

  140 20 15 5 0 250, ,
2 2 2
+ + + 

 
 

  

  (80, 10, 125)  A1 
[2 marks] 

 
 (c) 125 m    A1 

[1 mark] 
 

Total [5 marks] 
 
 
3. 2 90 34 ( 6120)× × =    AND   2 42 34 ( 2856)× × =  (A1) 
   
 90 42 ( 3780)× =     (A1) 
 
 21r =     (A1) 
 
 221 ( 441 , 1385.44...)π× = π  (M1) 
 
 use of curved surface area formula (M1) 
 
 21π×90 (=1890π, 5937.61...)  (A1) 
  
 220100 cm (20079.0 )…   A1 

Total [7 marks] 
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7. (a) ( )( 7) 8f − =  and ( )(7) 1f =  (A1) 
 
  range is ( ) 1,  ( ) 8f x f x≤ ≥   A1A1 

Note: Award at most A1A1A0 if strict inequalities are used.  
[3 marks] 

 
 (b) EITHER 
  sketch of f  and 0y =  or sketch of 1f −  and 0x =  (M1) 
 
  OR 

finding the correct expression of 1 2 5( )
2

xf x
x

− − −
=

−
  (M1) 

 
  OR 

  1 2 5(0)(0)
0 2

f − − −
=

−
 (M1) 

 
  OR 
  ( ) 0f x =   (M1)  

 
 THEN 

  1(0) 1f − =   A1 
 [2 marks] 

 
Total [5 marks]  
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12. (a) 3    A1 
Note: Accept (3, 0) seen. 

[1 mark] 
 
 (b) METHOD 1 

  0 4 2a b c= − + , 0 9 3a b c= + + , 25 1 1
2 4 2

a b c− = + +   (M1)(A1) 

 
  (i) 2   A1 
 
  (ii)  2−     A1 
 
  (iii) 12−     A1 

Note: Award the (M1)(A1) if at least one correct value is seen. 
Do not apply FT form part (a) if workings are not shown. 

 
  METHOD 2 
 
  12.5 0.5 2) 0.5 – 3)( (a− = +   (M1) 
 
  (i) 2a =    A1 
   
   20 2 (3) 3b c= × + +    
   20 (2 ( 2) 2)b c= × − + − +     (M1) 
 
  (ii)  2b = −   A1 
 
  (iii)  12c = −    A1 
 

 [5 marks] 
 
 (c)  0.5x =    A1 

Note: Do not FT from their part (b), this is a contradiction with the diagram. 
[1 mark] 

 
Total [7 marks] 
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3. (a) ( ) 112A =    A1 
      [1 mark] 

 

 (b) 5112e 360k =   (M1) 

Note: Award (M1) for their correct equation. 
 
  EITHER 
  graph of 5112e xy =  and 360y =  with indication of point of intersection (M1) 
 
  OR 

  
1 360( ) ln
5 112

k  =  
 

  (M1) 

Note: Award (M1) for correct rearranging and use of log. 
 
  THEN 
  ( ) 0.234 (0.233521...)k =  A1 

Note: Award (M1)(M1)(A0) for 0.233. 
[3 marks] 

Total: [4 marks] 
 
 
 

4. (a) 6 0 3
4 2

m −
= =

−
   (M1)A1 

      [2 marks] 
 

 (b) 1( ) ( 0.333, 0.333333...)
3

m = − − −  A1 

      [1 mark] 
 
 (c) an equation of line with a correct intercept and either of their  

gradients from (a) or (b) (M1)  

  e.g. 1 4
3

y x= − +   OR  14 ( 0)
3

y x− = − −  

Note: Award (M1) for substituting either of their gradients from parts (a) or (b) and point 
B or (3, 3) into equation of a line. 

 
  3 12 0x y+ − =  or any integer multiple A1 

[2 marks] 
 
 (d) ( ) 12x =    A1 

[1 mark] 
Total: [6 marks] 

  



Mathematics: applications and interpretation SL | Paper 1 | Nov 2021 | Q4 | 6 marks

Apollo | Original source crop | 9

 – 9 – N21/5/MATHY/SP1/ENG/TZ0/XX/M 

 

3. (a) ( ) 112A =    A1 
      [1 mark] 

 

 (b) 5112e 360k =   (M1) 

Note: Award (M1) for their correct equation. 
 
  EITHER 
  graph of 5112e xy =  and 360y =  with indication of point of intersection (M1) 
 
  OR 

  
1 360( ) ln
5 112

k  =  
 

  (M1) 

Note: Award (M1) for correct rearranging and use of log. 
 
  THEN 
  ( ) 0.234 (0.233521...)k =  A1 

Note: Award (M1)(M1)(A0) for 0.233. 
[3 marks] 

Total: [4 marks] 
 
 
 

4. (a) 6 0 3
4 2

m −
= =

−
   (M1)A1 

      [2 marks] 
 

 (b) 1( ) ( 0.333, 0.333333...)
3

m = − − −  A1 

      [1 mark] 
 
 (c) an equation of line with a correct intercept and either of their  

gradients from (a) or (b) (M1)  

  e.g. 1 4
3

y x= − +   OR  14 ( 0)
3

y x− = − −  

Note: Award (M1) for substituting either of their gradients from parts (a) or (b) and point 
B or (3, 3) into equation of a line. 

 
  3 12 0x y+ − =  or any integer multiple A1 

[2 marks] 
 
 (d) ( ) 12x =    A1 

[1 mark] 
Total: [6 marks] 
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5. (a) 2

640(4) 0.5
4

h = +    OR   2

640(14) 0.5
14

h = +  (M1) 

Note: Award (M1) for substituting 4 or 14 into h. This can be implicit from 
seeing 3.77 (3.76530…) or 40.5. 

 
  3.77 ( ) 40.5 (3.76530... ( ) 40.5)h x h x≤ ≤ ≤ ≤   A1A1 

Note: Award A1 for both correct endpoints seen, A1 for the endpoints in a correct interval.  
[3 marks] 

 

 (b) (i) ( ) 10h x =    OR   1 640( )
0.5

h x
x

− =
−

   OR   1 640(10)
10 0.5

h− =
−

 (M1) 

   ( ) 8.21 cm (8.20782...)x =   A1 
 
  (ii) a tin that is 10 cm high will have a diameter of 8.21 cm (8.20782...) A1 

Note: Condone a correct answer expressed as the converse. 
 
  (iii) 14 14h−≤ ≤  A1 

Note: Accept 4 14y≤ ≤ . Do not FT in this part. 

[4 marks] 
Total: [7 marks] 
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13. (a) (i) 10c =    A1 
 
  (ii) 64 8 10 10a b+ + =   A1 
   16 4 10 12a b+ + =   A1 

Note: Award A1 for each equivalent expression or A1 for the use of the axis of 

symmetry formula to find 4
2

b
a
−

=  or from use of derivative. 

Award A0A1 for 64 8 10a b c+ + =  and 16 4 12a b c+ + = . 
 

  (iii) 21 10
8

y x x= − + +   A1A1 

Note: Award A1A0 if one term is incorrect, A0A0 if two or more terms are incorrect. 
Award at most A1A0 if correct a, b and c values are seen but answer not 
expressed as an equation. 

      [5 marks] 
 
 (b) recognizing the need to integrate their expression (M1) 

  
8 2

0

1 10 d
8

x x x− + +∫  (A1) 

Note: Award (A1) for correct integral, including limits. Condone absence of dx.  
 

  90.7 cm2  272 , 90.6666
3

 
 …
 

  A1 

 [3 marks] 
Total: [8 marks] 
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3. (a) (i) maximum 130h =   metres A1 
 
  (ii) minimum 50h =   metres A1 

      [2 marks] 
 
 (b) (i) (60 12 ) 5÷ =  seconds A1 
 
  (ii) 360 5÷   (M1) 

Note: Award (M1) for 360 divided by their time for one revolution.  
 
   72=     A1 

      [3 marks] 
 
 (c) (i) (amplitude ) 40=  A1 
 

  (ii) (period 360
72

= =  )  5 A1 

      [2 marks] 
 
 (d) 

 
 
  Maximum point labelled with correct coordinates. A1 
  At least one minimum point labelled. Coordinates seen for any minimum  

points must be correct. A1 
  Correct shape with an attempt at symmetry and “concave up" evident as it  

approaches the minimum points. Graph must be drawn in the given domain. A1 
 

   [3 marks] 

continued…  
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Question 3 continued 

 (e) (i) 90 40cos (144 )h = −   (M1) 
   ( ) 122m (122.3606.....)h =    A1 
 
  (ii) evidence of 100h =  on graph   OR   100 90 40cos (72 )t= −  (M1) 
   t coordinates 3.55 (3.54892...)   OR   1.45 (1.45107...)  or equivalent (A1) 

Note: Award A1 for either t-coordinate seen. 
 
   = 2.10  seconds  (2.09784…) A1 

      [5 marks] 
 
 (f) (i) 95 2.0 784− … (M1) 

   (2.902153...)
5

 (M1) 

   0.580 (0.580430...)  A1 
  
  (ii) METHOD 1 

  changing the frequency/dilation of the graph will not change the proportion of time that 
point C is visible.  A1 

   0.580 (0.580430...)  A1 
 
   METHOD 2 
   correct calculation of relevant found values 

   (2.902153...) / 2
5 / 2

 A1 

   0.580 (0.580430...)  A1 

Note: Award A0A1 for an unsupported correct probability. 
      [5 marks] 
      Total: [20 marks] 
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4. (a) 20   A1 
[1 mark] 

 (b) 20n =   A1 

Note: Follow through from part (a). 
[1 mark] 

 (c)  

 
     (M1)A1A1 

Note: Award (M1) for reflection in the line P A= , award A1 for 
endpoint at (20 , 25), award A1 for passing through (16 , 16). 

[3 marks] 

 (d) when the perimeter is 8, the area is 4 A1 
[1 mark] 

Total [6 marks]  
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5. (a) (i) 1750  A1 

  (ii) 51350 400 (1.25)−+  (M1) 

   1480=   A1 

Note: Accept 1481. 
[3 marks] 

 (b) 1400 1350 400(1.25) t−= +  (M1) 

  9.32 (days (9.31885…) (days)) A1 
[2 marks] 

 (c) 1350   A1 

Note: Accept 1351 as a valid interpretation of the model as 1350P =  
is an asymptote. 

[1 mark] 

Total [6 marks] 

6. (a) number of salad meals per week is independent of a person’s position  
in the university A1 

Note: Accept “not associated” instead of independent. 
[1 mark] 

 (b) 0.0201 (0.0201118 )…  A2 
[2 marks] 

 (c) 0.0201 0.05<  R1 

  the null hypothesis is rejected A1 
[2 marks] 

Note: Award (R1) for a correct comparison of their p-value to the test level, 
award (A1) for the correct interpretation from that comparison.  
Do not award (R0)(A1). 

Total [5 marks] 
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7. (a) 
3 1
7 3
−
−

  (M1) 

  0.5=   A1 
[2 marks] 

 (b) 2 2( 5)y x− = − −  (A1)(M1) 

Note: Award (A1) for their 2−  seen, award (M1) for the correct substitution 
of (5 , 2) and their normal gradient in equation of a line. 

  2 12 0x y+ − =  A1 
[3 marks] 

 (c) every point in the cell is closer to E than any other snow shelter A1 
[1 mark] 

Total [6 marks] 

8. (a) ( )3 12
1010 log 6.4 10 10−× ×  (M1) 

  98.1(dB) (98.06179 )= …  A1 
[2 marks] 

 (b) ( )12
10112 10log 10S= ×  (M1) 

  ( ) ( )( )2 20.158 W m 0.158489 W m− −…  A1 

[2 marks] 

Total [4 marks]  
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5. (a) (i) 2(10) (10) 60p q   M1 

   10 6 (100 10 60)p q p q     A1 

  (ii) 1, 4p q    A1A1 

Note: If p and q are both incorrect then award M1A0 for an attempt 
to solve simultaneous equations. 

[4 marks] 
 (b) (2, 4)   A1A1 

Note: Award A1 for each correct coordinate. 
Award A0A1 if parentheses are missing. 

  [2 marks] 
 (c) 

 
     A3 

Note: Award A1 for smooth quadratic curve on labelled axes and within correct window. 
Award A1 for the curve passing through (0 , 0) and (10 , 60). Award A1 for the 
curve passing through their vertex. Follow through from part (b). 

[3 marks] 

 (d) the graph indicates there are negative stopping distances (for low speeds)  R1 

Note: Award R1 for identifying that a feature of their graph results in negative 
stopping distances (vertex, range of stopping distances…). 

[1 mark] 

 continued… 



Mathematics: applications and interpretation SL | Paper 2 | Specimen 2021 | Q5 | 17 marks

Apollo | Original source crop | 18

 – 12 – SPEC/5/MATAI/SP2/ENG/TZ0/XX/M 

 

Question 5 continued 

(e) 20.95 20 3.92 20    (M1) 

  302(m) (301.6 )    A1 
[2 marks] 

 (f) 
301.6 320 100

320


  M1 

  5.75(%)    A1 
[2 marks] 

 (g) 2330 1.6 0.95 3.92s s s       M1A1 

Note: Award M1 for an attempt to find an expression including stopping 
distance (model B) and reaction distance, equated to 330.  
Award A1 for a completely correct equation. 

  119.9(ms ) (19.8988 )   A1 
[3 marks] 

Total [17 marks] 
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1. height of triangle at roof 1.35 0.9 0.45= − =   (A1) 
Note: Award A1 for 0.45 (height of triangle) seen on the diagram. 
 

 slant height  2 20.45 0.45= +    OR   0.45sin (45 ) =

slant height
 (M1) 

 0.636396..., 0.45 2)0.405 (=  A1 

Note: If using 0.45sin (45 ) =

slant height
 then (A1) for angle of 45 , (M1) for a correct trig statement. 

 
 area of one rectangle on roof 0.405 0.9 ( 0.572756...)= × =   M1 
 
 area painted (2 0.405 0.9 2 0.572756...)= × × = ×   

 2 2 21.15 m (1.14551... m , 0.81 2 m )  A1 
[Total 5 marks] 

 
 
 
2.  (a) 2 2 23.2 4.5 5.8+ +   (M1) 
  8.01 (8.00812...)=  m A1  

      [2 marks] 
 

 (b) 1 5.8ˆFAO sin
8.00812...

−  =  
 

  OR  1 5.52177...cos
8.00812...

−  
 
 

  OR   1 5.8tan
5.52177...

−  
 
 

 (M1) 

  46.4 (46.4077... )    A1 
      [2 marks] 

[Total 4 marks] 
 
 
3. (a) 1.2 metres   A1 

[1 mark] 
 
 (b) 24.8 21 1.2 0t t− + + =  (M1) 
  ( ) 4.43 s (4.431415... s)t =  A1 

Note:  If both values for t are seen do not award the A1 mark unless the negative 
is explicitly excluded. 

[2 marks] 
 
 (c) 0 4.43t≤ ≤    OR   [0, 4.43]  A1A1 

Note: Award A1 for correct endpoints and A1 for expressing answer with correct 
notation. Award at most A1A0 for use of x instead of t. 

[2 marks] 
[Total 5 marks] 
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11. (a) 10log 100 3a= −    (M1) 
  5a =      A1 

[2 marks] 
 
 (b) EITHER 
  510 MN −=     (M1) 

  
510 100000

10 10M M
 = = 
 

  

 
  OR 

  3100
10
b

=     (M1) 

 
  THEN 
  5100000 ( 10 )b = =   A1 

[2 marks] 
 
 (c) 3 50.001 100000 (10 10 )N N−< < < <   A1A1 

Note: Award A1 for correct endpoints and A1 for correct inequalities/interval notation. 
 [2 marks] 

 

 (d) 
5

7.2

10 ( 0.0063095...)
10

N = =   (M1) 

  length of time = 2.21 10
0.0063095...

=   

  = 158 years  A1 
 [2 marks] 
[Total 8 marks] 
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4. (a) 5
10(pH ) log (1.3 10 )−= − ×  (M1) 

  4.89   (4.88605…) A1 
      [2 marks] 

 
 (b) EITHER 
  calculating pH  
  5

10(pH ) log (10 1.3 10 )−= − × ×  (M1) 
  3.89   (3.88605…) A1 
 
  (3.89 < 4.89, therefore) the unknown liquid is more acidic (than coffee). A1 

Note: Follow through within the part for the final A1. A correct conclusion must be 
supported by a mathematical justification linking the C-value to the pH level to earn 
the final A1; a comparison of C-values only earns M0A0A0. 

 
  OR 
  referencing the graph 

The graph of 10 )log (y x= −  shows that as the value of x increases, the  
value of y decreases.  M1 

 
Since the C-value (x-value) of the unknown liquid is larger than that of the coffee, the pH 
level (y-value) is lower. R1 
 

  The unknown liquid is more acidic (than coffee).  A1 

Note: Follow through within the part for the final A1. A correct conclusion must be 
supported by a mathematical justification linking the C-value to the pH level to earn 
the final A1; a comparison of C-values only earns M0R0A0. 

      [3 marks] 
      Total [5 marks] 

 
 
 
5.  (a) ( )E( ) 10 0.8X = ×  (M1) 
  8 (people)   A1 

      [2 marks] 
 
 (b)  recognition of binomial probability  (M1) 
  0.0881   (0.0880803…) A1 

      [2 marks] 
 
 (c) 0.8 and 6 seen OR  0.2 and 3 seen (A1) 
  attempt to use binomial probability (M1) 
  0.121   (0.120873…) A1 

      [3 marks] 
      Total [7 marks] 
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9. (a) Accept any one of the following (or equivalent):  
  one minimum and one maximum point  
  three x-intercepts  or three roots (or zeroes) 
  one point of inflexion R1 

Note: Do not accept “S shape” as a justification. 
 [1 mark] 

 
 (b) (i) ( )   5d = −   A1 
 
  (ii) 8 a b c= + +  
   4 8 4 2a b c= + +  
   0 27 9 3a b c= + +  A2 

Note: Award A2 if all three equations are correct.   
Award A1 if at least one is correct.  Award A1 for three correct equations 
that include the letter “d”. 

 
  (iii) 2,  12,  18a b c= = − =  A1 

[4 marks] 
 
 (c) equating found expression to zero (M1) 
  3 20 2 12 18 5t t t= − + −    
   t = 0.358216…, 1.83174…, 3.81003…  (A1) 
 
  (so total time in debt is 3.81003 1.83174 0.358216 )   …− …+ ≈  
  2.34 (2.33650 )…  years A1 

[3 marks] 
      Total [8 marks] 
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12. (a) 4.48( )
2( 1.6)

x = −
−

   OR   coordinates of maximum point (1.4, 3.136) (M1) 

 
  1.4x =     A1 

    [2 marks] 
 
 (b) METHOD 1 
  the cart is centred in the archway when it is between  
  0.6x =  and 2.2x = , A1 
  where 2.112 (m)y ≥ (which is greater than 2) R1 
 
  the archway is tall enough for the crate A1 

Note: Do not award R0A1. 
 
  METHOD 2 
  the height of the archway is greater or equal to 2.0 between   
  0.557385x = …  and 2.24261x = …  A1 

width of this section of archway = 
)(2.24261 – 0.557385 ) 1.68 2 m52 (… … = …  (which is greater than 1.6) R1 

 
  the archway is wide enough for the crate  A1 

Note: Do not award R0A1.  
      [3 marks] 
      Total [5 marks] 

      
 
 
13. (a) METHOD 1 – (with FV = 4000) 
 
  EITHER 
  N= 10  
  I=1.5 
  FV= 4000 
  P/Y= 1 
  C/Y= 1   (A1)(M1) 

Note: Award A1 for 3.5 2 ) 1.5( − =  seen and M1 for all other entries correct. 
 
  OR 
  104000 1 0.( 015)A= +  (A1)(M1) 

Note: Award A1 for 1.5 or 0.015 seen, M1 for attempt to substitute 
into compound interest formula and equating to 4000. 

 
  THEN 
  (PV =) $3447  A1 

Note: Award A0 if not rounded to a whole number or a negative sign given. 

continued… 
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1.  (a) EITHER 
  annual cycle for daylight length  R1 
 
  OR  
  there is a minimum length for daylight (cannot be negative)  R1 
 
  OR  
  a quadratic could not have a maximum and a minimum  or equivalent R1 

Note: Do not accept “Paula's model is better”. 
[1 mark] 

 
 (b) (i) 4   A1 
 
  (ii) 12   A1 
 
  (iii) 12y =   A1A1 

Note: Award A1 “ ( )y = a constant ” and A1 for that constant being 12. 

 [4 marks] 

 
 (c) ( ) 4cos (30 ) 12f t t= − +   OR  ( ) 4cos ( 30 ) 12f t t= − − +  A1A1A1 
 

Note: Award A1 for 30b =  (or 30b = − ), A1 for 4a = − , and A1 for 12d =  . Award at most 
A1A1A0 if extra terms are seen or form is incorrect.  Award at most A1A1A0 if x is 
used instead of t. 

 [3 marks] 

 
 (d) 10.5 4cos (30 ) 12t= − +  (M1) 
 
  EITHER 
  1 22.26585 , 9.73414t t= … = …   (A1)(A1) 
 
  OR 

  1
1

1 3cos
30 8

t −=   (A1) 

  2 112t t= −    (A1) 
 
  THEN 
  9.73414  2.26585…− … 
  7.47   (7.46828…) months  (0.622356…years) A1 

Note: Award M1A1A1A0 for an unsupported answer of 7.46. If there is only one 
intersection point, award M1A1A0A0. 

[4 marks] 

 

continued…  
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Question 1 continued 

 (e) 

1416 16
60 100%1416

60

 − + 
  ×
+

 (M1)(M1) 

Note: Award M1 for correct values and absolute value signs, M1 for 100× . 
 
  1.44% (1.43737...%)=  A1 

[3 marks] 
[Total 15 marks] 

 
 
 

2.   (a) (i) 30   A1 
 
  (ii) 40    A1 

[2 marks] 
 
 (b) arithmetic formula chosen (M1) 
 
  (i) 0(20 1)1nw n= + −   ( 10 )10n= +  A1 
 
  (ii) 0(30 1)1nl n= + −    ( 20 )10n= +  A1 

[3 marks] 
 
 (c) (i) 0(740 30 1)1n= + −    OR   740 20 10n= +  M1 
   72n =   A1 
   144 tiles  AG 

Note: The AG line must be stated for the final A1 to be awarded. 
 
  (ii) 72 730w =    A1 

[3 marks] 
 
 (d) (10 20) 144× ×    (M1) 
  28800=     (A1) 
  42.88 10×   cm2  A1 

Note: Follow through within the question for correctly converting their intermediate 
value into standard form (but only if the pre-conversion value is seen). 

[3 marks] 
continued…  
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4.  (a)  (i) an attempt to find the amplitude (M1) 

   61.8
2

   OR   64.5 2.7
2
−  

   ( ) 30.9 ma =  A1 

Note: Accept an answer of ( ) 30.9 ma = − . 

 

  (ii) 60( ) 40 (s)
1.5

= =period  (A1) 

   ( 360( )
40

b =


)  

   ( ) 9b =   A1 

Note: Accept an answer of ( ) 9b = − .  

 
  (iii) attempt to find d (M1) 

   ( ) 30.9 2.7d = +    OR   64.5 2.7
2
+  

   ( ) 33.6 md =  A1 
      [6 marks] 

 

 (b) 12 1.5×   OR  12 60
40
×  (M1) 

  18 (revolutions per ride) A1 
      [2 marks] 

 
 (c) (i) 0 720t≤ ≤   A1 
 
  (ii) 2.7 64.5h≤ ≤   A1A1 

Note: Award A1 for correct endpoints of domain and A1 for correct endpoints of 
range. Award A1 for correct direction of both inequalities. 

      [3 marks] 
 
 (d) graph of ( )h t  and 16.7y =    OR   ( ) 16.7h t =  (M1) 
  6.31596…  and  33.6840… (A1) 
  27.4 (s)   (27.3680…) A1 

       [3 marks] 
 
 
 

continued…  
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Question 4 continued 

 (e) (i) d   A1 
 
  (ii)  EITHER 
   30.9 65.2d + =   (A1) 
 
   OR 
   65.2 – (61.8 2.7) 0.7+ =   (A1) 
 
   OR 
   3.4   (new platform height)  (A1) 
    
   THEN 
   (d =) 34.3 m A1 

      [3 marks] 
      Total [17 marks] 

 
 
 
  



Mathematics: applications and interpretation SL | Paper 1 | Nov 2022 | Q3 | 5 marks

Apollo | Original source crop | 28

 – 9 – N22/5/MATHY/SP1/ENG/TZ0/XX/M 

 

3. (a) 1.8  (m)   A1 
      [1 mark] 

 
 (b) EITHER  

  10.8
2( 3.6)
−
−

    (M1) 

 
  OR  
  7.2( ) 10.8 0t− + =   (M1) 
 
  OR 
  sketch indicating maximum (M1) 
 
  THEN 
  ( ) 1.5t =  seconds A1 

Note: Award (M1)A0 for (1.5, 9.9) seen. 
      [2 marks] 

 
 (c) EITHER 
  20 3.6 10.8 1.8t t= − + +   (M1) 
 
  OR 
  sketch indicating a root (M1) 
 
  THEN 
  ( ) 3.16 seconds (3.15831...)t =   A1 

Note: Award at most M1A0 if 0.158 ( 0.158312..)− −  is part of the final answer unless 
clearly rejected.   

      [2 marks] 
 Total [5 marks] 
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4. (a) The favourite breakfast/berry (of adults) is independent of (their) income (level). A1 
      [1 mark] 

 
 (b)  2 2.27 (2.26821...)χ =  A2 

      [2 marks] 
 
 (c) EITHER 
  2.27 7.78<   OR   2.27 < critical value R1 
  OR 
  0.687 0.1>    (using p-value) 
 
  THEN 
  (Do not reject 0H ) 
  Insufficient evidence (at the 10% significance level) that the favourite berry depends on 

income level.  A1 

Note: Do not award R0A1.  Accept “ 2χ ” in place of their “2.27”, provided an answer 
was seen in part (b).  Their conclusion must be consistent with their 2χ  (or a 
correct p-value) and their hypothesis. 

      [2 marks] 
Total [5 marks] 

 
 
 
5. (a) ( )0.0514 1671e 23− +   (M1) 
 
  ( )54.2 C 54.1956...°   A1 

       [2 marks] 
 
 (b) 23T =      A1 

Note: Condone 23y = . 

      [1 mark] 
 
 (c) 23 C°    A1 

       [1 mark] 
 
 (d) 0.0514( )50 71e 23k−= +   (M1) 

  5000 2718.8 ln , 18.8101...
257 71

k  −  =     
  A1 

Note: Award M1 for a sketch showing a point of intersection between the 
exponential function and 50y = . 

      [2 marks] 
      Total [6 marks] 
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12. (a) 78    A1 
      [1 mark] 

 
 (b) (i)  65    A1 
 
  (ii)  EITHER 
   (period ) 16=    (could be seen on sketch) (M1) 

   2
16

b π
=    OR   360

16
b =



  

   ( ) 0.393 0.392699...,
8

b π =  
 

   OR   ( ) 22.5b =   A1 

 
   OR 
   143 65sin (4 ) 78b= +  (M1) 
   ( sin (4 ) 1b = ) 

   ( 4
2

b π
=    OR   4 90b =  ) 

   ( ) 0.393 0.392699...,
8

b π =  
 

   OR   ( ) 22.5b =   A1 

      [3 marks] 
 
 (c) 13    A1 

Note: Apply follow through marking only if their final answer is positive. 
      [1 mark] 

 

 (d) 4( 0.1963 9 .) 0.196 . .,
16

b π 
 
 

=    OR   )( (11.25) 11.3b =    A1 

      [1 mark] 
      Total [6 marks] 
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4. (a)  0H : b mµ µ=  A1 

  1H : b mµ µ>  A1 

Note: Accept equivalent statements in words such as “the mean score of bilingual people equals the 

mean score of monolingual people”.  

 [2 marks] 
 
 (b)  0.119  (0.119395…)  A2 

    [2 marks] 
 
 (c) 0.119395    0.05 (11.9395 %   5%)…> … >  R1 

  (fail to reject 0H )  there is insufficient evidence to suggest that bilingual people have better 

memory retention than monolingual people A1 

Note:   Do not award R0A1. 

The answer to part (c) MUST be consistent with their hypotheses and their p-value.  

     [2 marks] 
    [Total: 6 marks] 

 
 
 

5. (a) 2  A1 

    [1 mark] 
 

 (b) attempt to substitute their part (a) and point (3,  –1)  into the slope-intercept form or point-slope 

form of an equation (M1) 

  –1 2 3 c= × +    OR    )(1 2 – 3y x+ =  

  2 – 7y x=  A1 

Note: Equation must be in the form y mx c= +  for A1 to be awarded. 

    [2 marks] 
 

    continued… 
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Question 5 continued 

 
 (c) METHOD 1 

  attempt to show that P does not lie on 2L  (M1) 

e.g. 1 5(3)
2 2

− −    OR   graph showing 2L  and P in approximate correct locations 

  1 51 (3)
2 2

− ≠ − −   ( 1 4− ≠ − )  OR  (3,  –1)  does not lie on the graph of 2L  R1 

  hence 2L  is not the normal line to ( )f x  at point P AG 

 

  METHOD 2 

  attempt to find the equation of the normal line at (3, –1) (M1) 

  ( 1–1   (3)
2

c=− +    OR    11   – 3)
2

(y x+ = − ) 

  the normal line is 1 1
2 2

y x= − +  R1 

  hence 2L is not the normal line to ( )f x  at point P AG 

 

  METHOD 3 

  attempt to find the intersection of 1L  and 2L   (M1) 

  Intersection of  2 – 7y x=   and  1 5
2 2

y x= − −  is (1.8,   3.4)−  

  1.8 3x = ≠    OR  3.4 1y = − ≠ −  R1 

  hence 2L  is not the normal line to ( )f x  at point P AG 

Note: Accept equivalent written arguments provided values are seen.  

 Methods 1 and 2 are independent of the answers in (a) and (b) but FT marks 

can be given for Method 3. 

    [2 marks] 
    [Total: 5 marks] 
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6. (a) attempt to set up a direct variation equation that includes a constant, k, or the  
calculation of a constant using 12.3 and 50 (M1) 

  e.g., 2 d kv=    OR   21  2.3 50k ×=  

  (k =) 0.00492   1
203.252...

 
 
 

 

  20.00492d v=    OR   
2

203
vd =  A1 

    [2 marks] 

 

 (b) substituting 33 for d in their part (a) (A1) 

  233 0.00492 v= ×      OR     
2

33
203.252...

v
=  

  (v =) 81.9 (km h-1)   (81.8982… (km h-1))    A1 

    [2 marks] 
 
 (c) Award R1 for a reasonable variable that exists after the brakes are applied such as: 

• road material 

• weather conditions 

• condition/type of brakes 

• weight/type of vehicle  

• gradient/incline of road 

• traction 

• wind resistance 

• friction 

    R1 

Note:  Do not accept a variable that refers to the timing of the brakes being  

applied such as: 

  • slow reaction time 

  • inexperienced driver 

    [1 mark] 
    [Total: 5 marks]  
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10.  (a) (i) METHOD 1 

   attempt to find change in height of the ball using gradient (M1) 

   ( )0.045
0.43

a
= −  

   ( )0.045 0.43a = − ×  

   ( )0.0194(m) (0.01935 (m))a = −  A1 

 

   METHOD 2 

 attempt to find height at back of home plate  (M1) 

horizontal distance to the front of the home plate 1  6.6666 (m)= …  
height at the back of the home plate  0.045(16.6666 0.43) 2= − …+ +  

( )1.23065  (m)=  

Note:  The M1 can be awarded for 16.6666 0.43 …+  seen at some point. 

( 1.25 1.23065 )a = − …     

 ( )( ) ( ) 0.0194 (m) 0.01935 (m)  a = −  A1 

    

  (ii) 1.25 – 0.01935 1.23065=   (may be seen in part (a)(i)) A1 

   0.53  1  .23065   1  .24< <  R1 

   therefore a strike  AG 

Note:  Do not award A0R1. 

     [4 marks] 

    continued… 
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Question 10 continued 

 

 (b) METHOD 1 
indication of 96d =  in the function ( )h d  or its graph  (M1) 
 

   EITHER 
 ( ) 2(96)   –0.01(96)   1  .04(96)   0.66h = + +      
 
 OR  
 
 

 
   
 
 
  THEN 
  ( )(96)   8.34 (m)h =  A1 
 
  8.34   5>  so the ball will go over the wall. A1 
 
 
  METHOD 2 
  indication of 5h =  in the function ( )h d  or its graph (M1) 
 

 EITHER 
 25    0.01 1.04 0.66d d=− + +  
     

 
 
   OR  

 
 

 
   
 
 
  THEN 
  ( ) ( )   99.6  (m)    99.6445  (m)        4.35548  (m)d d= … = … may also be seen  A1 
 
  96 < 99.6445… so the ball will go over the wall. A1 
      [3 marks] 
 
    [Total: 7 marks] 
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10.  (a) METHOD 1 
  correct sketch with some indication of maximum point (M1) 
 

 
    

  0.921  (seconds)  350.921052...,
38

 
 
 

 A1 

 
  METHOD 2 
  correct substitution into equation for line of symmetry (M1) 

  8.75( )
2 4.75

t = −
×−

  

  0.921  (seconds)  350.921052...,
38

 
 
 

 A1 

   
  METHOD 3 
  equating the correct derivative to 0 (M1) 
  9.5 8.75 0t− + =   

  0.921  (seconds)  350.921052...,
38

 
 
 

 A1 

Note: Award M1A0 for a final answer of 0.92 seen with no working. 
      [2 marks] 

 
 (b) METHOD 1 
  correct sketch with some indication of x-intercept   
 

 
      (M1) 

Note: May be seen in part (a). 
 
  2 (seconds)    A1 

continued…  
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Question 10 continued 

  METHOD 2 
  setting the equation to zero (M1) 
 
  24.75 8.75 1.5 0t t− + + =  
 
  2 (seconds)         A1 
   

Note: If both roots are given, with or without working, award (M1)A0. 
      [2 marks] 

 
 (c) METHOD 1 
  correct sketch of quadratic function and a straight line in approximate correct position 
      (M1) 

 
 
  1.88 (seconds)  (1.87577…(seconds)) A1 
 
  METHOD 2 
  setting the equation equal to 1.2 (M1) 
  24.75 8.75 1.5 1.2t t− + + =  
  1.88 (seconds)  (1.87577…(seconds)) A1 
 

Note: Award (M1)A0 if -0.0336702… seen as (part of) a final answer. 
 Award M1A0 for answer of 1.9 seen without working. 

      [2 marks] 
 
 (d)  Award R1 for each sensible reason, in the context of the question: R1R1 
  e.g. 
  The model ignores air resistance (or wind) 
  The model treats the ball as a point 
  The model assumes gravity is constant 
  The model assumes that the ball continues to follow the trajectory even after 

hitting the ground  
  This model ignores the bouncing back of the ball after hitting the ground 

Note:  Do not accept generic criticisms of any mathematical model, such as: 
  There are assumptions being made 
  Models are never accurate / It is only a model 

      [2 mark] 

      Total [8 marks] 
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11. (a) (i) 
 

 
      A1A1A1 
 

Note: Award A1 for correct shape (curve must be smooth) in the second quadrant only, 
A1 for asymptotic behaviour, A1 for minimum point in approximately correct 
position AND left-most point around ( 5, 76)−  (allow a tolerance of half a square 
for these two points). 

 
  (ii) 0.941 ( 0.941035...)− −   A1 

      [4 marks] 
 
 (b) 2.45   2.44651 ), 0.252 (  0.252412),  2.70   2.698 )( 92(− − … − − …   A2 
 

Note: Award A2 for all three correct, A1 for two correct and A0 otherwise.  
Award at most A1 if additional solutions are seen. 
Award A1A0 for a final answer given as coordinates 2.45, 20)(− , 

0.252, 20)(− , 2.70, 20)(  or (2.7 , 20) . 
Award A1A0 for three correct answers given in 2 sf. 

      [2 marks] 
 
 (c) 0x =     A1 

      [1 mark] 
      Total [7 marks] 
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2. (a) ( ) 0a = A1 

[1 mark] 

(b) (1.39, 5.24)     ((1.38672…, 5.24025…) A1A1 

Note:  Award A1 for each correct coordinate; do not accept 2 sf values. Award at most 

A0A1 if parentheses are missing. Accept 1.39x = , 5.24y = . 

[2 marks] 

(c) any value greater than 5.24025… A1 

Note: Accept a specific value OR a description of the correct interval for all values. 

[1 mark] 

continued… 
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Question 2 continued 

(d) METHOD 1

attempt to relate gradient of function to graph of f R1 

e.g. the function is increasing at 4x = −

0m  A1 

METHOD 2 

attempt to find value of ( 4)f  −  R1 

25
3.125

8

 
 


=


=

0m  A1 

Note: The A1 can only be awarded if the correct value of '( 4)f − or m is found

METHOD 3 

attempt to substitute (–4, –12.75) into equation of tangent 

1
–12.75 – 4) –

4
(m=  so 3.125m =  R1 

0m  A1 

Note: Do not award R0A1. 

[2 marks] 

continued… 



Mathematics: applications and interpretation SL | Paper 2 | May 2023 TZ1 | Q2 | 16 marks

Apollo | Original source crop | 41

– 12 – M23/5/MATHY/SP2/ENG/TZ1/XX/M 

Question 2 continued 

(e) (i) attempt to substitute (0, –5) or (3, 4.5)  into ( )g x  (M1) 

05 9k p− =  −

( ) 4k = A1 

(ii) attempt to substitute (3, 4.5) and their part (e)(i) into ( )g x   (M1) 

34.5 4 9p=  −

3 3.375p =

( ) 1.5p = A1 

[4 marks] 

(f) 9y = −

A2 

Note: Award A1 for 9−  seen, A2 for a completely correct equation. 

Condone ( ) 9g x = −  

[2 marks] 

(g) ( ) 4x = (M1)A1 

Note:  Award M1 for equating ( )f x to their ( )g x  

Award (M1)A0 for the y-coordinate (11.25) as the answer or part of the answer 

(e.g. coordinates).  

Award (M1)A0 for an answer of .( 2 3942) 1x = −  

[2 marks] 

continued… 
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Question 2 continued 

(h) METHOD 1:

)( (1) 0 1 () 1f h g− =  − = −    (This justification could be graphical.) R1 

yes A1 

Note: Award R1 for any reasoning based on the fact that –1 is the x-intercept of f. 

Accept equivalent arguments in words. Do not award R0A1. 

METHOD 2: 

19
( 1)

3
g − = −  (–6.33333…)  

2( ) 3 1 4 4 1.5 9xh x x x−= − + +  −

2 1( 1) 3( 1) 1 4( 1) 4 1.5 9h − −− = − − + − +  −

19
( 1)

3
h − = −  (–6.33333…) R1 

yes A1 

Note: Award R1 for showing that 
19

( 1)
3

g − = −  and 
19

( 1)
3

h − = − . Do not award 

R0A1. 

[2 marks] 

[Total: 16 marks] 
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3. (a)
18 4

2

−
(M1) 

(a) 7= A1 

[2 marks] 

(b) 
18 4

2

+
  OR  18 7−  OR  4 7+  (M1) 

(d) 11= A1 

[2 marks] 

(c) (time between high and low tide is) 6h15m  OR  375 minutes (A1) 

multiplying by 2 (M1) 

750 minutes A1 

[3 marks] 

(d) EITHER

360
750

b
= (A1) 

OR 

7cos(b x 375) + 11 = 4 (A1) 

THEN 

( ) 0.48b =   A1 

Note: Award A1A0 for an answer of
2

0.00837758...
750 375

  
= = 
 

[2 marks] 

(e) equating their cos function to 6 or graphing their cos function and 6

(M1) 

7cos(0.48 ) 11 6t + =

282.468...t = (minutes) (A1) 

=4.70780… (hr) OR  4hr 42 mins (4hr 42.4681… mins) (A1) 

so the time is 10:42  A1  

[4 marks] 

continued… 
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3. (a)
18 4

2

−
(M1) 

(a) 7= A1 

[2 marks] 

(b) 
18 4

2

+
  OR  18 7−  OR  4 7+  (M1) 

(d) 11= A1 

[2 marks] 

(c) (time between high and low tide is) 6h15m  OR  375 minutes (A1) 

multiplying by 2 (M1) 

750 minutes A1 

[3 marks] 

(d) EITHER

360
750

b
= (A1) 

OR 

7cos(b x 375) + 11 = 4 (A1) 

THEN 

( ) 0.48b =   A1 

Note: Award A1A0 for an answer of
2

0.00837758...
750 375

  
= = 
 

[2 marks] 

(e) equating their cos function to 6 or graphing their cos function and 6

(M1) 

7cos(0.48 ) 11 6t + =

282.468...t = (minutes) (A1) 

=4.70780… (hr) OR  4hr 42 mins (4hr 42.4681… mins) (A1) 

so the time is 10:42  A1  

[4 marks] 

continued… 
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Question 3 continued 

(f) next solution is 467.531...t = (A1) 

467.531... 282.468...−

185 (mins) (185.063...) A1 

Note: Accept an (unsupported) answer of 186 (from correct 3 sf values for t) 

[2 marks] 

[Total: 15 marks] 
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3.  (a) (i) 1200  A1 
 
  (ii) the initial population of the bacteria A1 

     [2 marks] 
 
 (b) 31200 18750k× =   (A1) 
 
  ( ) 2.5k =   A1 

     [2 marks] 
 
 (c) 1.51200 2.5×   (A1) 
 
  4740 (4743.41…)  A1 

Note: Do not penalize if final answer is not given as an integer. Award (A1)A0 for an answer 
of 3950 (3949.14…) from use of 1.3 in the exponent, but only if working is shown. 

     [2 marks] 
 
 (d) equating ( )P t  and ( )S t  OR equating each function to a common variable (M1) 

  1200 2.5 5000 1.65t t× = × ; 1200 2.5t x× =   and  5000 1.65t x× =  
 
  3.43 (hours) (3.43456...)t =  A1 

     [2 marks] 
 
 
 

continued…  
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Question 3 continued 
 
 (e) METHOD 1 
  5000 1.65 19000t× =    (M1) 
 
  ( ) 2.66586...t =    OR   ( 2 ) 0.66586...t − =  (seen) (A1) 
 
  multiplying by 60  seen to convert to minutes (M1) 
  ( 39.9521 )m = …  
 
  ( ) 40m =  (minutes) OR 2  hours and 40  minutes A1 
 

  METHOD 2 
  equating an expression for ( )S t to 19000 (M1) 

  expressing t as 2
60
m

+  (A1) 

  
2

605000 1.65 19000
m

+
× =  

  2 2.66586
60
m

+ = …  A1 

 
  ( ) 40m =  (minutes) OR 2  hours and 40  minutes A1 

Note: Award (M1)(A1)(M1)A0 for an answer of 39.9521...  or 39 with or without working. 
     [4 marks] 

 
 (f) EITHER (find volume of all bacteria) 
  multiplying total population of bacteria by the volume of bacterium (M1) 
  ( )181 10 5000 1.65t−× × ×  

  setting expression equal to 52.1 10−×  and attempt to solve (e.g. sketch) (M1) 
 
  OR (find total number of bacteria to fill container) 
  attempting to find the total number of bacteria to fill container (M1) 

  5 182.1 10 1 10n− −× = × ×    OR   
5

18
2.1 10
1 10

−

−

×
×

   OR   132.1 10×  

  setting value equal to ( )S t  and attempt to solve (e.g. sketch) (M1) 

Note: If 
5

18
2.1 10
1 10

−

−

×
×

  is seen but candidate has an incorrect total number of 

bacteria, the second (M1) can still be awarded for setting their incorrect 
value equal to ( )S t  and attempting to solve. 

 
  THEN 
  44.2 (hours) (44.2480...)t =  A1 

     [3 marks] 
     Total [15 marks] 
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6. (a) setting ( ) 1h x =   (M1) 
  ( )1(1) 1  7h− =   A1 

[2 marks] 
 

 (b) 1
2

x >    A1A1 

Note:   Award A1 for 1
2

 seen, A1 for completely correct answer. 

 [2 marks] 
[Total 4 marks] 

 
 
 
7. (a) 22.82 (3) (3)a b c= + +     OR    2.82 9 3a b c= + +   A1 

[1 mark] 
 
 (b) finding other equations to solve simultaneously (M1) 
 
  24.25 (6) (6)a b c= + +  AND 25.30 (9) (9)a b c= + +   
  OR  4.25 36 6a b c= + +  AND 5.30 81 9a b c= + +  
 
  any one coefficient in equation correct (A1) 
 
  2( ) 0.0211 0.667 1.01f x x x= − + +  A1 
  ( )2( ) 0.0211111 0.666666 1.01f x x x= − … + … +  

  219 2 101( )  
900 3 100

f x x x = − + + 
 

 

Note:   Award at most (M1)(A1)A0 if answer is not expressed as an equation.  
 [3 marks] 

 
 (c) attempt to substitute 30  into their equation (M1) 
  ( )(30)   2.01f =   A1 
 
  2.01 1.8>    OR  therefore the discus will go over the wall R1 

Note:   Do not award A0R1; their value must be seen to credit a correct conclusion. 
 [3 marks] 

 
 (d) setting their equation equal to zero   OR   graph with the zero indicated (M1) 
  20 0.0211111 0.666666 1.01x x= − … + … + …    OR   ( ) 0f x =  
 
  33.0  (33.0275 )…  (m)  A1 

[2 marks] 
[Total 9 marks] 
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6. (a) setting ( ) 1h x =   (M1) 
  ( )1(1) 1  7h− =   A1 

[2 marks] 
 

 (b) 1
2

x >    A1A1 

Note:   Award A1 for 1
2

 seen, A1 for completely correct answer. 

 [2 marks] 
[Total 4 marks] 

 
 
 
7. (a) 22.82 (3) (3)a b c= + +     OR    2.82 9 3a b c= + +   A1 

[1 mark] 
 
 (b) finding other equations to solve simultaneously (M1) 
 
  24.25 (6) (6)a b c= + +  AND 25.30 (9) (9)a b c= + +   
  OR  4.25 36 6a b c= + +  AND 5.30 81 9a b c= + +  
 
  any one coefficient in equation correct (A1) 
 
  2( ) 0.0211 0.667 1.01f x x x= − + +  A1 
  ( )2( ) 0.0211111 0.666666 1.01f x x x= − … + … +  

  219 2 101( )  
900 3 100

f x x x = − + + 
 

 

Note:   Award at most (M1)(A1)A0 if answer is not expressed as an equation.  
 [3 marks] 

 
 (c) attempt to substitute 30  into their equation (M1) 
  ( )(30)   2.01f =   A1 
 
  2.01 1.8>    OR  therefore the discus will go over the wall R1 

Note:   Do not award A0R1; their value must be seen to credit a correct conclusion. 
 [3 marks] 

 
 (d) setting their equation equal to zero   OR   graph with the zero indicated (M1) 
  20 0.0211111 0.666666 1.01x x= − … + … + …    OR   ( ) 0f x =  
 
  33.0  (33.0275 )…  (m)  A1 

[2 marks] 
[Total 9 marks] 

  

 – 11 – 8823 – 7209M 

 

8. (a) ( )( 2) 14r′ − = −   A2 
[2 marks] 

 

 (b) 1
14

 seen   (A1) 

  116 ( 2)
14

y x− = +   OR  0.0714 16.1  ( 0.0714285... 16.1428...)y x y x= + = +   OR   

  113
14 7
xy = +   OR  14 226 0x y− + =  A1 

[2 marks] 
 
 (c) attempt to find coordinates of point G (M1) 
  e.g. ( )7.53997 ,1  5.6042− … …  OR  ( )0.539978...,  13.1814…  seen 
 
  attempt to substitute into distance formula (M1) 

  ( ) ( )2 22 7.53997 16 15.6042d = − + … + − … 
 

 

  ( )  5.55(km)  (5.55409 )d = …  A1 
 [3 marks] 

[Total 7 marks] 
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6. (a) setting ( ) 1h x =   (M1) 
  ( )1(1) 1  7h− =   A1 

[2 marks] 
 

 (b) 1
2

x >    A1A1 

Note:   Award A1 for 1
2

 seen, A1 for completely correct answer. 

 [2 marks] 
[Total 4 marks] 

 
 
 
7. (a) 22.36 (3) (3)a b c= + +     OR    2.36 9 3a b c= + +   A1 

[1 mark] 
 
 (b) finding other equations to solve simultaneously (M1) 
 
  25 (10) (10)a b c= + +  AND 27.16 (17) (17)a b c= + +  
  OR  5 100 10a b c= + +  AND 7.16 289 17a b c= + +  
 
  any one coefficient in equation correct (A1) 
  2( ) 0.00490 0.441 1.08f x x x= − + +  A1 

Note:   Condone the 2 sf answer for the coefficient of 2x  i.e. 0.0049− . 
 
  ( )2( ) 0.00489795 0.440816 1.08163f x x x= − … + … + …  

  26 108 53( )  
1225 245 49

f x x x = − + + 
 

 

Note:   Award at most (M1)(A1)A0 if answer is not expressed as an equation. 
 [3 marks] 

 
 (c) attempt to substitute 80  into their equation (M1) 
  ( )(80)   5f =   A1 
 
  5 4>    OR  therefore the ball will go over the fence R1 

Note:   Do not award A0R1; their value must be seen to credit a correct conclusion. 
 [3 marks] 

 
 (d) setting their equation equal to zero, graph (M1) 
  20 0.00489795 0.440816 1.08163x x= − … + … + …  OR  ( ) 0f x =  
 
  92.4  (92.3902 )…  (m)  A1 

[2 marks] 
[Total 9 marks] 
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6. (a) setting ( ) 1h x =   (M1) 
  ( )1(1) 1  7h− =   A1 

[2 marks] 
 

 (b) 1
2

x >    A1A1 

Note:   Award A1 for 1
2

 seen, A1 for completely correct answer. 

 [2 marks] 
[Total 4 marks] 

 
 
 
7. (a) 22.36 (3) (3)a b c= + +     OR    2.36 9 3a b c= + +   A1 

[1 mark] 
 
 (b) finding other equations to solve simultaneously (M1) 
 
  25 (10) (10)a b c= + +  AND 27.16 (17) (17)a b c= + +  
  OR  5 100 10a b c= + +  AND 7.16 289 17a b c= + +  
 
  any one coefficient in equation correct (A1) 
  2( ) 0.00490 0.441 1.08f x x x= − + +  A1 

Note:   Condone the 2 sf answer for the coefficient of 2x  i.e. 0.0049− . 
 
  ( )2( ) 0.00489795 0.440816 1.08163f x x x= − … + … + …  

  26 108 53( )  
1225 245 49

f x x x = − + + 
 

 

Note:   Award at most (M1)(A1)A0 if answer is not expressed as an equation. 
 [3 marks] 

 
 (c) attempt to substitute 80  into their equation (M1) 
  ( )(80)   5f =   A1 
 
  5 4>    OR  therefore the ball will go over the fence R1 

Note:   Do not award A0R1; their value must be seen to credit a correct conclusion. 
 [3 marks] 

 
 (d) setting their equation equal to zero, graph (M1) 
  20 0.00489795 0.440816 1.08163x x= − … + … + …  OR  ( ) 0f x =  
 
  92.4  (92.3902 )…  (m)  A1 

[2 marks] 
[Total 9 marks] 

  

 – 11 – 8823 – 7214M 

 

8. (a) ( )( 1) 8r′ − = −   A2 
[2 marks] 

 

 (b) 1
8

 seen   (A1) 

  16 ( 1)
8

y x− = +   OR  0.125 6.13  (6.125)y x= +   OR   

  49
8 8
xy = +   OR  8 49 0x y− + =  A1 

[2 marks] 
 
 (c) attempt to find coordinates of point B (M1) 
  e.g. ( 5.02, 5.50)−     OR    (1.02, 6.25)  seen 
 
  attempt to substitute into distance formula (M1) 

  ( ) ( )2 21 5.02076 6 5.49740d = − + … + − … 
 

 

  ( )  4.05 (km)  (4.05205 )d = …  A1 
 [3 marks] 

[Total 7 marks] 
 
 
 
  



Mathematics: applications and interpretation SL | Paper 1 | May 2024 TZ1 | Q4 | 7 marks

Apollo | Original source crop | 52

 – 9 – 2224 – 7204M 

 

4. (a) correct substitution of 0t =  (A1) 
  0100 60 a− ×    
  40 (%)=    A1 

[2 marks] 
 
 (b) correct substitution of 75P =  and 1t =  (A1) 
  175 100 60         a−= − ×  
    2.4a =     A1 

[2 marks] 
 (c) 

   A1A1 
Note:   Award A1 for correct general shape (increasing, concave down) passing 

through (1, 75) and continuing on, A1 for a curve starting from (0, 40), 
finishing around (5, 100). 

[2 marks] 
 
 (d) EITHER 
  has a horizontal asymptote at   100P=  A1 

Note:   Accept a description of the asymptote in words. 
 
  OR 
  equation is 100 minus a positive value and hence cannot equal 100 A1 

Note:   Award A0 for a contextualized answer with no mathematical justification, 
e.g. “battery may degrade”. 

[1 mark] 
[Total: 7 marks] 
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5. (a) EITHER 
  96N =  

 100000PV =   
 150000FV = ±  
 /P Y  12=   
 /C Y  12=    (M1)(A1) 
 
 OR 

  8N =  
 100000PV =   
 150000FV = ±  
 /P Y  1=  
 /C Y  12=    (M1)(A1) 
 
 OR 

 
12 8

150000 100000 1
100 12

I ×
 = + × 

 (M1)(A1) 

 

Note: Award M1 for an attempt to use a financial app (at least 3 entries, not necessarily 
correct) or an attempt to use a compound interest formula.  
Award A1 for all entries correct in financial app or correct substitution in 
compound interest formula.   

 
 THEN 
 ( )5.08   5.07903I = …  A1 

[3 marks] 
 
 (b) 120N =  
  % 6.1I =  
  150000PV =   
  1000PMT = ±  
  /P Y  = 12  
  /C Y  = 12    (M1)(A1) 
 

Note: Award M1 for an attempt to use a financial app (at least 3 entries, not necessarily 
correct). Award A1 for all entries correct in financial app (condone missing -/+ sign 
if the correct final answer is seen).  

 
  ($) 110867FV =   A1 

Note: Answer must be correct to nearest dollar to award the final A1.  Award (M1)(A1)A0 for 
an unsupported final answer to a greater degree of accuracy eg. ($) 110866.70… 
Award M1A1A0 for a truncated answer of 110866 if no working is shown. 

[3 marks] 
[Total: 6 marks] 
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7. (a) a = 3    A1 
  [1 mark] 

 
 (b) period = 12   (A1) 
 

  360 12
b

 =


   OR   2 12
b
π = 


 

  b = 30  b = 
6
π  A1 

  [2 marks] 
 
 (c) equating their expression to 3 (M1) 

  3 3 sin (30 ) 4t= +    OR   3   3sin      4
6

tπ = + 
 

 

  6.64904t = …   (A1) 
  6:39  (pm)  (18:39) A1 

Note:   Follow through within the part for the final A1; this mark is awarded for expressing 
their intermediate answer (seen) as a time correct to the nearest minute.   

  [3 marks] 
[Total: 6 marks] 
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8. (a) (i) attempt to rearrange to isolate C  (M1) 
   e.g., subtracting 32 or dividing the equation by 1.8 
 

   5 32( 32) , 0.556 17.8)
9 1.8

FC F C C F− = − = = − 
 

  A1 

Note: If the answer is not written as an equation, award at most M1A0.  
 

  (ii) 77 32 25
1.8

C − = = 
 

 (˚C) A1 

[3 marks] 
 

 (b) (i) 6(1.8 17 3 2.2 ) 6× + =    (˚F) A1 
 
  (ii) recognizing that the “+32” does not affect the SD (M1) 
   (1.8 9 ) 16.2× =    (˚F) A1 

Note: Award M0A0 for 1.8 9 32 ( 48.2)× + = . 

[3 marks] 
      [Total: 6 marks] 
 
 
9. (a) (i) recognizing that 0.2 is removed 20 times (M1)  
   10 0.2 20− ×   
   6  (mm)  A1 
 
  (ii) (V =) 216 mm3 A1 

Note:   Units are required for the A1 to be awarded. 
[3 marks] 

 
 (b) attempt at power rule (M1) 
  ( ) 2( ) 60 2.4 0.024V t t t′ = − + −  A1 

[2 marks] 
 
 (c) recognizing need to find (20)V ′  (M1) 
  ( ) 2(20) 60 2.4(20) 0.024(20)V ′ = − + −  

  3 121.6 (mm s )−= −  A1 
[2 marks] 

 
 (d) decreasing/change in coffee temperature R1 
  decreasing/change in surface area of the cube 
  the cube breaks apart into smaller pieces 
  dissolution rate related to volume of the cube 

Note:   Award R1 for a reasonable explanation of a change in rate.  

[1 mark] 
[Total: 8 marks]  
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10. (a) (i) 3m ah=   (M1) 
   364 0.8 ( 125)a a= × ⇒ =  (A1) 
 
   3125m h=    A1 

Note: The final answer must be written as m in terms of h to award the final A1. 
 
  (ii) 3(125(0.75) ) 52.7 (kg) (52.7343...)m = =  A1 

[4 marks] 
 
 (b) EITHER (finding the height of the lion) 
  ( 3220 125h= ) 
  3 1.76 (1.20736...)h =  (A1) 
  2

1E k h=    (seen anywhere) (A1) 

  
( )2

3

2

1.76

0.8
k =   (M1) 

  = 2.28  (2.27769…) A1 
 
  OR (finding a formula for E in terms of m) 
  ( )3125m h=    

  2
1E k h=    (A1) 

  
2
3

2E k m=    (A1) 

  

2
3

2
3

220

64
k =    (M1) 

  
  = 2.28  (2.27769…) A1 
 

[4 marks] 
[Total 8 marks] 
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11. (recognition that OB  is a radius) 

 2 2( ) 5 8 ( 89)= + =radius  (A1) 
 

 EITHER  (finding angle BOQ) 
 correct calculation for finding BÔA  (A1) 

 8BOA arctan
5

ˆ  =  
 

   OR   8tan BOA
5

ˆ =  

 
 expressing BÔQ  as  90 B AÔ+  (M1) 

 8BOQ 90 arctˆ an
5

 = +  
 

  OR  π 8BOQ arctan
2 5

ˆ  = +  
 

 

 ( )BOQ  1  4 9ˆ 7. 94= °…   OR  2.58299… 

 substituting their radius and angle BÔQ  correctly into arc length formula (M1) 

 ( )2 2

890 arctan
5(arc BQ ) 2π 5 8

360

 +  
 = × +   OR  ( )2 2π 8arctan 5 8

2 5
  + × +  

  
 

 24.4 (m) (24.3679 )…  A1 
 
 OR (finding angle BOP) 
 correct calculation for finding angle BÔP  (A1) 

 5BOP arctan
8

ˆ  =  
 

  OR  5tan BOP
8

ˆ =  

 substituting their radius and BÔP  correctly into arc length formula  (M1) 

 (arc BP =)   ( )2 2

5arctan
8 2π 5 8

360

 
 
  × +  

 subtracting their arc BP from arc PQ (M1) 

 (arc ( )2 2 2 2

5arctan
8BQ  ) π 5 8 2π 5 8

360

 
 
 = + − × +  

 24.4 (m) (24.3679 )…  A1 
[Total: 5 marks] 
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3. (a) H0:  the size of peppers is independent of colour 
  H1:  the size of peppers is not independent of colour A1 

Note:  Award A1 for both hypotheses correct. Accept “not associated” in place 
of independent. Do not accept “correlated” or “related” or “affected”. 

[1 mark] 
 
 (b) (i) 2

calc 22.5 (22.5483...)χ =  A2 
 
  (ii) 22.5483... 9.49>    OR   0.000155837 0.05…<  R1 
   (there is sufficient evidence to) reject the null hypothesis A1 

Note: Do not award R0A1.   
Accept “accept the alternative hypothesis”. 
Their conclusion must be consistent with their 2

calcχ  (or p-value) and their hypothesis. 

 Accept 2 2
calc critχ χ>  or p < sig level provided their 2

calcχ  value or p-value is seen.  

 
[4 marks] 

[Total: 5 marks] 
 
 
4.  (a) expressing one variable in terms of the other (M1) 
  n kB=    OR    n B∝   
  60 5k=  
  12k =    (A1) 
  12(7)n =   
  84=     A1 

[3 marks] 
 
 (b) expressing t terms of reciprocal of B (M1) 

  ct
B

=    OR   1 t
B

∝  

  8
5
c

=  

  40c =   (A1) 

  40 10( )       , 3.33, 3.33333
12 3

t  = … 
 

(hours)  OR  3 hours  20 minutes A1 

Note:  Award at most M1A1A0 for the use of t = cB in part (b) if kn
B

=  was seen 

and penalized in part (a). 
[3 marks] 

[Total: 6 marks] 
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5.  (a) EITHER 
  N 72=    N 6=  
  I 1.25=    I 1.25=  
  PV 3000= −  OR PV 3000= −  
  P/Y 12=    P/Y 1=  
  C/Y 12=    C/Y 12=   (M1)(A1) 

Note: Award M1 for attempt to use finance app on GDC, A1 for all entries correct.  
 
  OR   

  
721.253000 1

1200
 + 
 

 (M1)(A1) 

Note: Award M1 for using CI formula, A1 for correct entries. 
 
  THEN 
   FV ($)  3233.53=   A1 

Note: Answer must be correct to 2 dp for the final A1 to be awarded. 
[3 marks] 

 
 (b) EITHER 
  I 1.25=    I 1.25=  
  PV 3000= −   PV 3000= −  
  FV 3550=   OR FV 3550=  
  P/Y 12=    P/Y 1=  
  C/Y 12=    C/Y 12=  (A1) 

Note: Award A1 for all entries correct and opposite signs for PV and FV values. 
 
  OR 

  
121.253550 3000 1

1200

N
 = + 
 

 (A1) 

Note: Award A1 for all entries correct. 
 
  THEN 
  ( )N 162  161.686= …  (months) A1 

[2 marks] 
 
 (c) 18450   A1 

[1 mark] 
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4.  (a) attempt to use the cosine rule to find ˆTRS   (M1) 

  
2 2 2

1 46 39 40ˆ(TRS )  cos
2 46 39

−  + −
=  × × 

  (A1) 

  ˆ(TRS )    55.4 (55.4082 )= …     OR  0.967  (0.967055…)  A1  
      [3 marks] 
 

 (b) 1(Area ) 46 39 sin 55.4082
2

= × × × …°    (A1) 

  2(Area ) 738  (738.426...)  cm=   A1 

Note:  Correct units must be seen for the final A1 to be awarded. 
      [2marks] 
      [Total 5 marks] 
 
 
 
5.   (a) 60 is the daily rate of hire  A1 
  10 is the fixed charge for a helmet and repair kit  A1 

      [2 marks] 
 
 (b) ( )(5)    60 5 10C = × +  (A1) 
  310   (CAD)    A1 

      [2 marks] 
 
 (c) 3      A1 

      [1 mark] 
 
 (d) recognizing that 1270 is the total cost (M1) 
  1270 60 10k= +   
  21k =    A1 

      [2 marks] 
      [Total 7 marks] 
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6. (a) 120  (ng)     A1 
Note:  Only accept an exact answer of 120. 

       [1 mark] 
 
 (b) ( ) 0.000121 20 000(20 000)   1  20em − ×=  (A1) 
  10.7 (10.6705 ..)…  (ng) A1  

      [2 marks]  
 
 (c) attempt to write or solve an inequality (or equality) with a value of 60 seen (M1) 
  ( ) 0.000121( ) 1  20e 60tm t −= ≤     OR   sketch   OR  table of values 
  ( ) 5728.489 .t > …  (A1) 
  5729  (years) A1  

Note:  Do not accept 5728 or 5730 for the final A1.  

      [3 marks] 
      [Total: 6 marks] 
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6. (a) 120  (ng)     A1 
Note:  Only accept an exact answer of 120. 

       [1 mark] 
 
 (b) ( ) 0.000121 20 000(20 000)   1  20em − ×=  (A1) 
  10.7 (10.6705 ..)…  (ng) A1  

      [2 marks]  
 
 (c) attempt to write or solve an inequality (or equality) with a value of 60 seen (M1) 
  ( ) 0.000121( ) 1  20e 60tm t −= ≤     OR   sketch   OR  table of values 
  ( ) 5728.489 .t > …  (A1) 
  5729  (years) A1  

Note:  Do not accept 5728 or 5730 for the final A1.  

      [3 marks] 
      [Total: 6 marks] 
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7.   (a) recognizing need to find P( 7.2)W >   OR  1 P( 7.2)W− <  (M1) 

 
  (P( 7.2) )    0.922 (0.921709 , 92.2%)W > = …  A1 

Note:  Award M1A0 for an answer of 0.92 with no working. 
 
      [2 marks] 
 
 (b) (i) appropriate use of the GDC to find either a or b seen in either (b)(i) or (b)(ii) (M1) 
   ( ) 7.36   (7.36213 )a = …  A1 
  
  (ii) ( ) 1  0.4 (10.4378 )b = …  A1 

Note:  The working for (M1) may be seen and awarded in part (b)(ii) if part (b)(i) has not 
been answered. 

      [3 marks] 
 
 (c) multiplying two identical probabilities (M1) 
  P ( 7.2) P ( 7.2)W W< × <   OR  ( ) ( )1 their (a) 1 their (a)− × −  

Note:  Accept a lower bound of zero for W, given the context. 
 
  2(0.0782902...)  
  30.00613 (0.00612935  6.13 10  )−… ×OR  A1 

Note:  Award M0A0 for an answer greater than 1 such as 6.13. 
Award M1A0 for 6.13E-3. 

      [2 marks] 
      [Total: 7 marks] 
 
 
 
8.  (a) recognition that % increase gives the common difference (M1) 
  18000 0.04 720× =  A1 
      [2 marks] 
 
 (b)  18000   720 32000n+ >  OR  18000   720( 1) 32000n+ − >   (accept equality) (A1) 
  attempt to solve their inequality OR equality (sketch OR cross-over values OR  

algebraic manipulation) (M1) 
     20k =     A1 

Note:  Award (A1)(M1)A0 for 19.4, 20.4 or 21 seen. 
      [3 marks] 
      [Total: 5 marks] 
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4. (a) attempt to use the cosine rule to find CÂB    (M1) 

  
2 2 2

1 42 35 36(CAB )  cos
2 42 35

ˆ −  + −
=  × × 

   (A1) 

  (CAB )    54.8 (54.8407 )ˆ = …     OR  0.957  (0.957152…)   A1  
      [3 marks] 

 

 (b) 1(Area ) 42 35 sin 54.8407
2

= × × × …°     (A1) 

  2(Area ) 601  (600.903)  cm=    A1 

Note:  Correct units must be seen for the final A1 to be awarded. 

        [2 marks] 
       [Total 5 marks] 

 
 
 
5.   (a) 60 is the daily rate of hire  A1 
  10 is the fixed charge for a helmet and repair kit  A1 

      [2 marks] 
 
 (b) ( )(5)    60 5 10C = × +  (A1) 
  310   (CAD)    A1 

      [2 marks] 
 
 (c) 3      A1 

      [1 mark] 
 
 (d) recognizing that 1270 is the total cost (M1) 
  1270 60 10k= +   
  21k =    A1 

      [2 marks] 
      [Total 7 marks] 
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6. (a) 120  (ng)     A1 
Note:  Only accept an exact answer of 120. 

       [1 mark] 
 
 (b) ( ) 0.000121 20 000(20 000)   1  20em − ×=  (A1) 
  10.7 (10.6705 ..)…  (ng) A1  

      [2 marks]  
 
 (c) attempt to write or solve an inequality (or equality) with a value of 60 seen (M1) 
  ( ) 0.000121( ) 1  20e 60tm t −= ≤     OR   sketch   OR  table of values 
  ( ) 5728.489 .t > …  (A1) 
  5729  (years) A1  

Note:  Do not accept 5728 or 5730 for the final A1.  

      [3 marks] 
      [Total: 6 marks] 
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6. (a) 120  (ng)     A1 
Note:  Only accept an exact answer of 120. 

       [1 mark] 
 
 (b) ( ) 0.000121 20 000(20 000)   1  20em − ×=  (A1) 
  10.7 (10.6705 ..)…  (ng) A1  

      [2 marks]  
 
 (c) attempt to write or solve an inequality (or equality) with a value of 60 seen (M1) 
  ( ) 0.000121( ) 1  20e 60tm t −= ≤     OR   sketch   OR  table of values 
  ( ) 5728.489 .t > …  (A1) 
  5729  (years) A1  

Note:  Do not accept 5728 or 5730 for the final A1.  

      [3 marks] 
      [Total: 6 marks] 
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7.   (a) recognizing need to find P( 3.5)W >   OR  1 P( 3.5)W− <  (M1) 
  (P( 3.5) )    0.994 (0.993790 )W > = …  A1 

Note:  Award M1A0 for an answer of 0.99 with no working. 
      [2 marks] 

 
 (b) (i)  appropriate use of the GDC to find either a or b seen in either (b)(i) or (b)(ii) (M1) 
   ( ) 3.99   (3.98737 )a = …  A1 
  
  (ii) ( )  5.01 (5.01262 )b = …  A1 

Note:  The working for (M1) may be seen and awarded in part (b)(ii) if part (b)(i) has not 
been answered. 

      [3 marks] 
 
 (c) multiplying two identical probabilities (M1) 
  P ( 3.5) P ( 3.5)W W< × <   OR  ( ) ( )1 their (a) 1 their (a)− × −  

Note:  Accept a lower bound of zero for W, given the context. 
 
  2(0.00620967)  
  50.0000386 (0.0000385601  3.86 10  )−… ×OR  A1 

Note:  Award M0A0 for an answer greater than 1 such as 3.86. 
Award M1A0 for 3.86E-5.   

      [2 marks] 
      [Total: 7 marks] 

 

 

8.  (a) recognition that % increase gives the common difference (M1) 
  25000 0.05 1250× =  A1 

      [2 marks] 
 

 (b)   OR  25000  1  250( 1) 44000n+ − >   (accept equality) (A1) 
  attempt to solve their inequality OR equality (sketch OR cross-over values  

OR algebraic manipulation) (M1) 
    1  6k =    A1 

Note: Award (A1)(M1)A0 for 15.2, 16.2 or 17 seen. 

      [3 marks] 
      [Total: 5 marks] 
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2.  (a) (i) 45 8
2
−  A1 

    1  8.5 (m)  AG 

Note:  Use of 18.5 in the calculation is reverse engineering, and falls short of the 
demand of the command term “Show that’. In such cases, award A0. 

 
  (ii) (2 18.5 ) 1  16 (116.2389 ,  37 )  (m)π× = … π .   A1 
    [2 marks] 
 
 (b) recognition the distance is the arc length (M1) 

  10 2 18.5
360

°
× π×

°
   OR   116.2389

36
…  (A1) 

  37π3.23  3.228859 ,  (m)
36

 = … 
 

  A1 

    [3 marks] 
 

 (c) (i) 360   24
15

b = = 
 

  A1 

 

  (ii) max+min
2

 (A1) 

   45 8( )
2

d +
=     OR   45 –18.5    OR  8 18.5+   

   26.5=  A1 
 
  (iii) ( ) 18.5sin (24 ) 26.5h t t= +  A1A1 

Note:  Award A1 for 18.5 seen as parameter a, A1 for a completely 
correct equation (including LHS). 

    [5 marks] 
    

 (d) attempt to equate 33 with ( )h t  OR sketch graph of curve and line (M1) 

( )( 18.5sin (24 ) 26.5)  33h t t= + =    

  0.857t =  (0.857083 )…  and 6.64  (6.64291 )t = …  (minutes)   A1A1 
    [3 marks] 
 
 (e) 4 (revolutions per hour) seen   OR   32 (revolutions per day)    seen (A1) 
  ( )4 8 3000   96000× × =  (A1) 

  49.6 10×  A1 
    [3 marks] 
    [Total 16 marks] 
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3. (a) (i) 3( ) 7.2Q =  A2 

Note:   Award A1A0 for a correct ordered list of happiness scores, when the 
correct 3Q  is not seen. 

 
  (ii) 1 6.5Q =  (A1) 
   7.2 6.5IQR = −  
   0.7=  A1 
    [4 marks] 
 
 (b) 3 1.5Q IQR+ ×  (A1) 
  ( )7.2 1.5 0.7    8.25+ × =  A1 
  since 7.5 8.25<  R1 
  Switzerland is not an outlier AG 

Note:   Do not award A0A0R1. 
    [3 marks] 
 
 (c) (i)  3.5a =   A1 
 
  (ii) 8b =  A1 
 
  (iii) 3.5c =  A1 
    [3 marks] 
 
 (d) (i) )  0.164 (0.164134 )( sr = …  A2 
 
  (ii)  France rank (of sixth) is unchanged (so the sr is unchanged) R1 
    [3 marks] 
 
 (e) Because sr  is too close to zero and hence Jose’s conclusion is not appropriate  R1 

Note:    Award R1 for a comment on the value sr  and “not appropriate” as a conclusion.  
Accept " sr  indicates a weak correlation of the ranks". 
Do not accept " sr  indicates a weak correlation of happiness score and country rank”.  

    [1 mark] 
    [Total 14 marks] 
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2.  (a) (i) 45 8
2
−  A1 

    1  8.5 (m)  AG 

Note:  Use of 18.5 in the calculation is reverse engineering, and falls short of the 
demand of the command term “Show that’. In such cases, award A0. 

 
  (ii) (2 18.5 ) 1  16 (116.2389 ,  37 )  (m)π× = … π    A1 
    [2 marks] 
 
 (b) recognition the distance is the arc length (M1) 

  10 2 18.5
360

°
× π×

°
   OR   116.2389

36
…  (A1) 

  37π3.23  3.228859 ,  (m)
36

 = … 
 

  A1 

    [3 marks] 
 

 (c) (i) 360   24
15

b = = 
 

   A1 

 

  (ii) max+min
2

 (A1) 

   45 8( )
2

d +
=     OR   45 –18.5    OR  8 18.5+   

   26.5=  A1 
 
  (iii) ( ) 18.5sin (24 ) 26.5h t t= +  A1A1 
 

Note:  Award A1 for 18.5 seen as parameter a, A1 for a completely 
correct equation (including LHS). 

    [5 marks] 
 

 (d) attempt to equate 33 with ( )h t  OR sketch graph of curve and line (M1) 

( )( 18.5sin (24 ) 26.5)  33h t t= + =    

  0.857t =  (0.857083 )…  and 6.64  (6.64291 )t = …  (minutes)   A1A1 
    [3 marks] 
 
 (e) 4 (revolutions per hour) seen   OR   32 (revolutions per day)    seen (A1) 
  ( )4 8 3000   96000× × =  (A1) 

  49.6 10×  A1 
    [3 marks] 
               [Total 16 marks] 
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3. (a) (i) 3( ) 7.2Q =  A2 

Note:   Award A1A0 for a correct ordered list of happiness scores, when the 
correct 3Q  is not seen. 

 
  (ii) 1 6.5Q =  (A1) 
   7.2 6.5IQR = −  
   0.7=  A1 
    [4 marks] 
 
 (b) 3 1.5Q IQR+ ×  (A1) 
  ( )7.2 1.5 0.7    8.25+ × =  A1 
  since 7.5 8.25<  R1 
  Switzerland is not an outlier AG 

Note:   Do not award A0A0R1. 
    [3 marks] 
 
 (c) (i)  3.5a =   A1 
 
  (ii) 8b =  A1 
 
  (iii) 3.5c =  A1 
    [3 marks] 
 
 (d) (i) )  0.164 (0.164134 )( sr = …  A2 
 
  (ii)  France rank (of sixth) is unchanged (so the sr is unchanged) R1 
    [3 marks] 
 
 (e) Because sr  is too close to zero and hence Jose’s conclusion is not appropriate  R1 

Note:    Award R1 for a comment on the value sr  and “not appropriate” as a conclusion.  
Accept " sr  indicates a weak correlation of the ranks". 
Do not accept " sr  indicates a weak correlation of happiness score and country rank”.  

    [1 mark] 
    [Total 14 marks] 
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4. (a) (gradient =) 
0.8 8

 0.296, 0.296296 ,
2.7 27

 
 

 
 A1 

  
1

0.296   (0.333333 )
3

    OR   
8 9

27 27
  R1 

 
 
  the gradient of the pool is less than the gradient in the regulation / the swimming pool  

satisfies the safety regulation AG 
     [2 marks] 
 
 (b) expressing inverse proportionality using notation or using multiplication to  

  calculate k   (M1) 

  
1

w
t

   OR  
k

w
t

=   OR  ( ) 300 4.5k =     

  

  300 4.5 170  t =    or equivalent (A1) 

Note:  Accept a calculation in minutes (i.e., 300 270 170 t =  ). 

 

  ( ) 7.94 (7.94117 )t =   (h) A1 

Note:  Award full marks for an answer given in minutes (i.e. 476 (476.470 )  minutes or 7  

hours and 56  minutes). “Minutes” must be shown as the unit. 

     [3 marks] 
 
     [Total: 5 marks] 
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5. (a) 
23

5.75  
4

d d
 

= = 
 

              A1A1 

Note:  Award A1 for 5.75  seen, A1 for completely correct equation.  

  [2 marks] 
 

 (b) attempt to substitute into the axis of symmetry formula using their 5.75 OR 

  attempt to substitute the coordinates (3, 5.1)  or (8.5, 5.1)  into the function (M1) 

  5.75
2  ( 0.2)

b−
=

 −
   OR   

25.1 0.2(3) 3  b= − +  OR   
25.1 0.2(8.5) 8.5b= − +  

 

  ( ) 2.3b =  A1 

    [2 marks] 
 
 (c) indication of finding zero or attempt to use symmetry  (M1) 

( ) 0h d =    OR   
20 0.2 2.3d d= − +    OR   2 5.75    OR   3 0 8.5d− = −    OR    

resketch of graph with zero indicated 
 

  (   ) 11.5 (m)d =  A1 

Note:  Award A0 for a FT answer that is less than 8.5 (contradicts the given information). 

 
    [2 marks] 
 
 (d) EITHER 
  the dolphin is below the surface of the water / the dolphin is underwater / the dolphin R1 
  is in the water 
 
  OR 
 
  the value of h  cannot be negative since the definition of the model only applies  

to the jump R1 
    [1 mark] 
 
    [Total: 7 marks] 
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5. (a) 
23

5.75  
4

d d
 

= = 
 

              A1A1 

Note:  Award A1 for 5.75  seen, A1 for completely correct equation.  

  [2 marks] 
 

 (b) attempt to substitute into the axis of symmetry formula using their 5.75 OR 

  attempt to substitute the coordinates (3, 5.1)  or (8.5, 5.1)  into the function (M1) 

  5.75
2  ( 0.2)

b−
=

 −
   OR   

25.1 0.2(3) 3  b= − +  OR   
25.1 0.2(8.5) 8.5b= − +  

 

  ( ) 2.3b =  A1 

    [2 marks] 
 
 (c) indication of finding zero or attempt to use symmetry  (M1) 

( ) 0h d =    OR   
20 0.2 2.3d d= − +    OR   2 5.75    OR   3 0 8.5d− = −    OR    

resketch of graph with zero indicated 
 

  (   ) 11.5 (m)d =  A1 

Note:  Award A0 for a FT answer that is less than 8.5 (contradicts the given information). 

 
    [2 marks] 
 
 (d) EITHER 
  the dolphin is below the surface of the water / the dolphin is underwater / the dolphin R1 
  is in the water 
 
  OR 
 
  the value of h  cannot be negative since the definition of the model only applies  

to the jump R1 
    [1 mark] 
 
    [Total: 7 marks] 
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6. (a) attempt to calculate area of a circle using 4 or 2.8 M1 

 

  recognition of multiplication by 
1

5
 or 

72

360
 M1 

 

  ( )2 21
π (4) π 2.8( )

5
A = −  

 

  5.13  (m2) (5.12707 (m2), 
204

125


 (m2), 1.632π (m2)) A1 

 

  5.12707 6     OR   Maureen has enough AG 

Note:   Do not award the final A1 for the area unless a comparison to 6 is shown OR a 

statement of having enough is seen. 

    [3 marks] 
 

 (b) ( ) 2π(4)C =    (25.1327…) (A1) 

 

  recognition to multiply by 
3

5
 or 

216

360
 (M1) 

  

  
3

2π (4) 2 4
5
 +    

 

  23.1 (m)   (23.0796…(m), 
24π

8
5

+ ) A1 

    [3 marks] 
 
    [Total: 6 marks] 
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9. (a) ( ) 0f x =  seen OR sketch of the graph with all three x-intercepts marked OR    

   evidence of using product of roots (M1) 
 

   ( ) 3a =    A1 

        [2 marks] 
 
 (b) evidence of using an integral to find the area  (M1) 

   
3

1
( ) ,    f x  , etc. 

 

   (area =) 4   A1 
        [2 marks] 
 
        [Total: 4 marks] 
 
 
 

10. (a) 15p   A1 

    [1 mark] 
 

 (b) ( 5)p−   or ( 15)n−  seen A1 

 

  adding a cost expression (multiplying a p  and an n ) to their 15p  (M1) 

 

  ( ) 15 ( 5)( 15)C n p p n= + − −    OR   ( )   – 5   75C n np n= +    (or equivalent) A1 

    [3 marks] 
 

 (c) (i) (25.73 100 )  2573 =  (EUR) A1 

  

Note: Answer must be exact. 

 
 
  (ii) correctly substituting their total cost and 100n =  into their cost function (A1) 

   2573 15 ( 5)(100 15)p p= + − −      

 

   ( )  29.98p =  (EUR) A1 

Note:  Answer must be written to 2 dp. 

    [3 marks] 
 
    [Total: 7 marks] 
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11. (a) ( ) 34.1 7.33ln (13)W = − −  (A1) 

 

  52.9 ( 52.9010 )− −   A1 

    [2 marks] 
 
 (b) attempt to work back from the approximate to the exact value (M1) 

  
E

E

52.9010
( ) 0.06

v

v

− −
=    OR  E

52.9010
)    (

1 0.06
v

− 
=


OR  E 1 0.06) 52.9010(v  = −  

 

  56.3,  49.9 ( 56.2777 ,  49.9066 )− − −  −   A1A1 

Note:  Award A1 for each correct value.  

    [3 marks] 
 
    [Total: 5 marks] 
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11. (a) ( ) 34.1 7.33ln (13)W = − −  (A1) 

 

  52.9 ( 52.9010 )− −   A1 

    [2 marks] 
 
 (b) attempt to work back from the approximate to the exact value (M1) 

  
E

E

52.9010
( ) 0.06

v

v

− −
=    OR  E

52.9010
)    (

1 0.06
v

− 
=


OR  E 1 0.06) 52.9010(v  = −  

 

  56.3,  49.9 ( 56.2777 ,  49.9066 )− − −  −   A1A1 

Note:  Award A1 for each correct value.  

    [3 marks] 
 
    [Total: 5 marks] 
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12. (a) indication of setting the derivative to 0 (M1) 

 
d

0
d

V

w
=   OR  

2690 – 36 0w w =   OR   sketch of the graph of the derivative with the zero marked 

  ( ) 1  9.2w =  (cm)  (19.1666   (cm), 
115

6
 (cm)) A1 

    [2 marks] 
 
 (b) evidence of the need to integrate (M1) 

  integral symbol seen  OR  
2690  –  36  d  w w w  OR  one term integrated correctly  

   

  
2 3( )  345 –12  ( )V w w c= +  A1 

 

  0c =  since 0V =  when 0w =  R1 

 
2 3   345 (19.1666 ) 12 (19.1666 )V =   −      

 

 ( )  42 246.5V =  (cm3)  OR   ( ) 42247V =  (cm3)  seen A1 

 

  42 200  cm3  AG 

Note:  It is possible to award (M1)A1R0A1. No marks are awarded for part (b) if  

 42 200  is used to work backward. 

    [4 marks] 
 
 (c) METHOD 1 
  attempt to calculate height using volume, width, and length numerical values (M1) 

  
42 200

19.1666 (19.1666   3)
h =

 
    (may be seen in part (b)) 

  ( ) 38.3h =  (cm)  (38.2911   (cm))   (A1) 

Note:  Accept a substitution of 42 246.5… for the volume (    38.3333 )h=  . 

 

  19.1666 57.5 38.2911+ + … 

  ( ) 1  15 (114.957 )M =   (cm)  A1 

 
  METHOD 2 
  attempt to calculate height using volume, width, and length expressions (M1) 

  

2 3345 12

   3

w w
h

w w

−
=


 

  ( ) 1  15 4h w= −   (A1) 

  3 (115 4 )w w w+ + −    

  ( ) 1  15 M = (cm)  A1 

    [3 marks] 
    [Total: 9 marks]  



Mathematics: applications and interpretation SL | Paper 1 | May 2025 TZ2 | Q9 | 5 marks

Apollo | Original source crop | 76

 – 18 – 2225 – 7314M 

 

9. (a) 3   
     A1 
     
      [1 mark] 
 
 (b) 1   
     A1 
     
      [1 mark] 
 
 (c)  

x  0 1 2 3 4 
1( )f x−  2 1 4 0 3 

     
        award A1 for 1 correct, A2 for 3 correct, A3 for all 5 correct     A1A1A1 
      
      
    [3 marks] 
   Total [5 marks] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Mathematics: applications and interpretation SL | Paper 1 | May 2025 TZ2 | Q9 | 5 marks

Apollo | Original source crop | 77

 – 19 – 2225 – 7314M 

 

10.  (a) 4 A1 
    [1 mark] 
 (b)  
  

 A B C D E F G H 
Brett  1 4 2 3 5 6 7 8 
Clarence 1 2 4 3 5 7 6 8 

   (A1)(A1) 

Note: Award (A1) for each line in table  
  
  0.881 (0.880952…) A2 
 
Note: The ranks maybe seen within printed table. 

Award A1 for 0.88 (2sf) answer. 
 

 For a common mistake: 
Brett: 1  3  4   2   5   6  7  8  & Clarence correct 
Award (A0)(A1)A2FT  if 0.952  seen.  

 

Note: The use of 
( )

26
1

1
= −

−
∑

s

d
r

n n
 i.e.  ( ) ( )

( )
2 2 2 2 2 2 2 2

2

6 0 2 2 0 0 1 1 0
1

8 8 1sr
+ + + + + + +

= −
−

  may be 

seen which is not in the syllabus, but is a valid method because there are no ties. As they 
need the table to get the differences, there is no change to MS for this method. 

   [4 marks] 
 (c) (since sr  is close to 1) there is a strong (positive) correlation between the  

rankings of the sheepdogs by Brett and the rankings of the sheepdogs by Clarence 
(since sr  is close to 1) there is a strong (positive) association between 
Brett’s rankings and Clarence’s rankings. 
since sr  is not equal to 1, Brett and Clarence do not always agree on the 
rankings of the sheepdogs. A1 

Note: For A1 to be awarded, a numerical value must be seen in part (b), and the conclusion 
consistent with that numerical value.  
“Strong positive” is insufficient because it is not in terms of the ranks. 
“Similar” in isolation is insufficient, however if they state “the order in which the sheepdogs 
were ranked by the judges is similar” would be awarded A1. 
The names of judges do not need to be seen for the A mark. 

   [1 mark] 
    Total [6 marks] 
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Q3. 

(a) attempt to substitute 0.5 into function (M1) 

( ) 200.5
2 0.5 5

h =
× +

( ) )103.33 m  3.33333 , (
3

… A1 

[2 marks] 

(b) (i) EITHER 

attempt to equate ( )h t  to 2.5 (M1) 

20 2.5
2 5t

=
+

 

OR 

attempt to substitute 2.5 in 1h−  (M1) 

20 5 2.5
2 2.5
− ×
×

  OR 

graph of h , with an indication of the point ( ), 2.5t (M1) 

1.5t =   (hours) A1 

(ii) It takes 1.5  hours for the water level to reach 2.5 metres. R1 

[3 marks] 

(c) 0t ≥ A1 

Note: Accept 1 0h− ≥ . 

[1 mark] 

Total [6 marks] 
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Q4. 
(a) (i) 2− A1 

(ii) 20.667 0.66666...,
3

 
 
 

 A1 

Note: Award A1A0 for answers given as coordinates ( )2,6−  and ( )0.667, 3.48− . 

Accept answers which round to the correct 3 sf value ( )2.00− , e.g. 1.9999−

[2 marks] 

(b) 22
3

x− < < A1 

Note: Award A1 for correct inequalities and their endpoints. 

[1 mark] 

(c) (i) 3 A1 

(ii) ( )3 3 1y x+ = − OR  3 6y x= − A1 

[2 marks] 

Total [5 marks] 
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4.  (a) (i) 90   A1 

  (ii) 2 210 15+  (M1) 

   ( )( ) ( ) ( )18 .0 cm     18.0277...      325   A1 

    [3 marks] 
 (b) (i) 150 A1 
  (ii) 120 A1 
Note: Award A0A1FT for (0, 150) and (0, 120) 

    [2 marks] 
 (c) (i)  15 A1 

  (ii) 360 6
60

 = 
 

 A1 

  (iii) 135  A1 
    [3 marks] 

 (d) (i) ( ) ( )
360 0.5

60 12
q = =

×
 or  in 60 minutes, 30 degrees travelled so ( ) 30 1

60 2
q = =  

    A1AG 
  (ii) -10  A2 
Note: Award A1 for 10. 

    [3 marks] 
 (e) substitution of t 60= into their ( )g t  (M1) 
  130 (cm)  A1 
    [2 marks] 
 (f) 15cos(6t) 135 10sin(0.5t) 135+ = − +  (M1) 
  ( )15.8806...t =  (A1) 
   (time =) 3:16 (pm) (15:16) A1 
 
Note: If the answer to part (d)(ii) is 10, then t 14.2115= and the time is 3:14 (pm) (15:14) 

 
    [3 marks] 
    Total [16 marks] 
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5.  (a) ( ) 22π 2πA r rh= +  A1A1 
Note: Award A1 for either term correct (even if unsimplified) and A1 for all correct (including 

simplification and no extra term). 
    [2 marks] 

 (b) 
3

22π π
3
rV r h= +  A1A1 

  
3 22π 3π

3
r r hV +

=  AG 

Note: Award A1 for one correct term, A1 for both and completion to required form. 
    [2 marks] 
 (c) 10000 substituted into (b) M1 

correct rearrangement with at least one line of intermediate working leading to 
the given value. 
  M1 

  
3

2

30000 2π
3π

rh
r
−

=  AG 

    [2 marks] 
 (d) h  substituted into their A  M1 

  ( )
3

2
2

30000 2π2π 2π
3π

rA r r
r

 −
= +  

 
 

  further consistent rearrangement that leads to given A  A1 
    [2 marks] 

 (e) 2

4π 20000
3

r
r

−  A1A1A1 

Note: Award A1 for 4π
3

r , A1 for 20000− seen, and A1 for a correct index for r  in second term. 

    [3 marks] 

 (f) d 0
d
A
r
=   (M1) 

  EITHER 

  rearrangement leading to 3 15000
π

r =  (M1) 

  OR 

  graph of d
d
A
r

 (M1) 

  THEN 

  ( )16.8 16.8389...r =   OR  3
15000
π

 A1 

Note: Accept correct graph of Area function leading to correct minimum value for r for M1M1A1. 
 
  0h =   A1 
    [4 marks] 
 
 (g) hemisphere A1 
Note: Do not FT from incorrect answers to part (f). 

    [1 mark] 
    Total [16 marks] 
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Q4. 

(a) 360
12

M1 

30= AG 

Note: Award M0 for use of given value, 30. 

[1 mark] 
(b) substitution of 5t =  into model  ( )2.5cos(30 5) 4.5− × + (M1) 

( )(5) 6.67 6.66506...h = A1 

Note: Award M1A0 for 2.75187... (radian answer). 

[2 marks] 
(c) (i) 2.5 (m) A1 

Note: Award A0 for 2.5−  (m) 

(ii) ( ) 4.5h t = A1A1 

Note: Award A1 for an equation of a horizontal line h =  constant ( accept y =  constant), 
A1 for  that constant being 4.5. Second A1 is dependent on first A1. Do not award A0A1. 

[3 marks] 

(d) attempt at finding point of intersection between ( ) 2.65h t =  and the curve. (M1) 

13.4 (13.4089…) (A1) 
13:25 (1:25 p.m.) A1 

[3 marks] 

Note: Award M1A1A1FT for consistent use of radians 12.1720… 12:10, 0:10 p.m. 
Award at most M1A0A0 if the student works in the first cycle ( )1.40895t = …

(e) 22.5910 13.4089 .  0.5…− … − (A1)(M1)(M1) 

Note: Award A1 for 22.5910…seen, M1 for subtracting their two times for harbour, M1 for 
subtracting 0.5 from their answer at any stage of the work. 

8.68 (hours)(8.68209…) (hours) A1 
[4 marks] 

Note: Award at most A0M0M1A0 for consistent use of radians. There is no 15 minute 
window for the ship to reach nor return from the fishing site. 

Total [13 marks] 
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Q5. 

(a) attempt to substitute into trapezoidal formula (M1) 

(area of cross-section) ( )( )1.9 0 0 2 1.68 2.81 2.32
2

≈ + + + + (A1) 

= 12.9 (m2 )(12.939) A1 
[3 marks] 

(b) attempt to find the volume of water in one second, their (a) 0.3× (M1) 

12.939 0.3×

( )3.88 3.8817= (m3) A1 

Note: Accept 3.87 for use of 3sf answer to part (a)12.9. 

[2 marks] 

(c) ( )2.81 1.6 1.21− =  (m) A1 

[1 mark] 

(d) attempt to find maximum eg graphically or d 0
d
y
x
=  or using height at 3.8x =  (M1) 

3.07 (m) OR 3.066 (m) A1 

Note: Award M1A0 for coordinate pair (3.8, 3.066) 
[2 marks] 

continued… 



Mathematics: applications and interpretation SL | Paper 1 | Nov 2025 TZ1 | Q3 | 6 marks

Apollo | Original source crop | 84

 – 7 – 8825 – 7309M 

 

1. (a) (𝑟𝑟 =) 3 A1 
    [1 mark] 
 
 (b) (𝑢𝑢8 =) 2 × 37  (A1) 
  4374   (accept 4370)  A1 
    [2 marks] 
 
 (c) (𝑆𝑆10 =)  2�3

10−1�
3−1

  (A1) 
  59 048   (accept 59000)  A1 
    [2 marks] 
    Total [5 marks] 
 
 
 
2.  (a) (i) 8.35 (cm) A1 
 
  (ii) 4π(4.175)3

3
  (A1)(M1) 

Note:  Award A1 for their correct radius  or a correct calculation of the radius (i.e., 8.35
2

) seen.  
Award M1 for an attempt to substitute into the volume of sphere formula.  

   305 (cm3) (304.830. . . ,97.0304. . .π)  A1 

    [4 marks] 
 
 (b) �8.4−8.38

8.38
� × 100  (M1) 

  0.239 (%)(0.238663. . . )  A1 
Note:  Award M1 for an attempt to substitute both 8.4 and 8.38 into the percentage error formula.  

      [2 marks] 
    Total [6 marks] 
3. (a) 0.80(5.1) + 1.50 (A1) 
  ($)5.58  A1 
    [2 marks] 
 
 (b) (i) (𝑎𝑎 =)1  A1 
  (ii) (𝑏𝑏 =)2  A1 
    [2 marks] 
 
 (c) the gradient of TurboEats (0.8) is less than the gradient of Gogodart (1) R1 
  the y-intercept of TurboEats (1.50) is less than the y-intercept of Gogodart (2) R1 

Note:  Accept contextual language, e.g. “cost per km” for gradient, and “fixed amount/constant” for y-
intercept, in their explanations.  
Award R1R1 only for explicit consideration of both the gradient and y-intercept.  

    [2 marks] 
    Total [6 marks] 
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4. (a) EITHER 
  the data points come from normal populations  A1 
  OR 
  the variances (standard deviations) of the two groups are (approximately) equal.  A1  
  OR 
  data points of each group are independent.  A1 
  OR  
  the sample is representative of the population  A1 
       [1 mark] 
 
 (b) (i) 𝜇𝜇𝑠𝑠 = 𝜇𝜇𝑃𝑃   OR   𝜇𝜇1 = 𝜇𝜇2  A1 
   (no difference in the mean (population) distance travelled using premium/standard fuel) 
    (ii) 𝜇𝜇𝑠𝑠 < 𝜇𝜇𝑝𝑝   OR   𝜇𝜇1 < 𝜇𝜇2  A1 

(mean (population) distance travelled using premium fuel is greater than using 
standard fuel) 

       [2 marks] 
 
  (c) (i) 0.0264 (0.0263584 … )   A2 

Note:  Their 𝑝𝑝-value must be consistent with their H1. 
       [2 marks] 
 
  (ii) 0.0263584 … < 0.05  R1 

Note:  Accept “𝑝𝑝 < 0.05” or “𝑝𝑝-value is less than the significance level”, provided their 𝑝𝑝-value is 
shown in part (c)(i).  

 
   EITHER 
   (there is sufficient evidence that) the car can travel further using premium fuel. A1 
   OR 

  (there is sufficient evidence that) the car uses less premium fuel compared to standard 
fuel.     A1 

Note:  Do not award R0A1. The conclusion must be in context to award A1; “reject H0" earns A0. 
Their conclusion must be consistent with their 𝑝𝑝-value and their hypotheses.  

       [2 marks] 
      Total [7 marks] 
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8. (a) 2000 + 30 000(𝑒𝑒−𝑘𝑘×0) (A1) 
  32 000 (PHP) A1 
    [2 marks] 
 
 (b) 32 000 × 0.60  OR  32 000 − 32 000 × 0.40   OR   32 000 × 0.40 (M1)  
  19 200 (A1) 
  19 200 = 2000 + 30 000(𝑒𝑒−𝑘𝑘×10)  (M1) 

Note:  Award M1 for a correctly substituted equation including 10 and their 19 200 
(or equivalent LHS expression). 

  𝑘𝑘 = 0.0556 (0.0556287. . . )  A1 

    [4 marks] 
 
 (c) (i) (the curve of 𝑦𝑦 = 𝑉𝑉(𝑡𝑡) has a) horizontal asymptote at 𝑦𝑦 =  2000 OR 𝑉𝑉 = 2000  A1 
  
 
  (ii) EITHER 
   newer models/updated technology will render her cell phone obsolete. R1 
 
   OR 
   the cell phone will eventually stop working R1 

    [2 mark] 
    Total [8 marks] 
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9. (a) (i) 𝑋𝑋 ∼ B(10,0.25)  (M1) 

Note:  Award M1 for recognizing binomial probability. 

   (P(𝑋𝑋 = 5) =) 0.0584     (0.0583992 … ) A1 
 
  (ii) recognizing cumulative probability with a lower bound of 3  (M1)  
   P(𝑋𝑋 ≥ 3)    OR     P(𝑋𝑋 > 2)    OR    1 − P(𝑋𝑋 ≤ 2)    OR     1 − 0.525592 … 
 
   0.474(0.474407. . . )  A1 
    [4 marks] 
 
 (b) an attempt at calculating expected value (0.3 × 500 000 must be seen) M1 
  0.3 × 500 000 + 0.7 × 0  A1 
  ($) 150 000  AG 

Note:  The 0.7 × 0, or equivalent, must be seen for the A1 to be awarded.   

    [2 marks] 
 
  
 (c) EITHER 
  Option B, because the expected value of a Head ($150 000) is greater than  

the cash prize ($50 000). R1 
 
  OR 
  Option B, because there is a chance to win a lot more money      R1 
 
  OR 
  Option A, because prize is guaranteed / less of a risk (safer) / Option B is a single trial, therefore 

the expected value is unachievable R1 

  OR 
  Option A, because the probability of flipping a tail which has no prize is greater than the 

probability of flipping a head. R1 
Note:  The R1 is awarded for correctly considering the value from part (b), considering the amount 

that can be won, or reflecting on the (accurate) likelihood of winning money in a one-off 
game.  Do not accept contextual reasons beyond that (e.g. “Option B, as she is very lucky 
having answered 10 already” is awarded R0). 

    [1 mark] 
    Total [7 marks] 
  



Mathematics: applications and interpretation SL | Paper 1 | Nov 2025 TZ1 | Q10 | 7 marks

Apollo | Original source crop | 87

 – 13 – 8825 – 7309M 

 

10. (a) recognizing the form of inverse variation  (M1) 
  𝑉𝑉 = 𝑘𝑘

𝑡𝑡
   OR   𝑉𝑉 ∝ 1

𝑡𝑡
 

  300 = 𝑘𝑘
5
 OR  𝑘𝑘 = 5 × 300 (the 𝑘𝑘 must be shown) A1 

  
  𝑉𝑉 = 1500

𝑡𝑡
   AG 

Note:  Award M0A0 for only verifying that 300 and 5 satisfy given equation, e.g 300 = 1500
5

 seen.  

      [2 marks] 
 
 (b) 150 seen   (A1) 
  150 = 1500

𝑡𝑡
  

  𝑡𝑡 = 10 (minutes)  A1 
      [2 marks] 
 
 (c)  

  
      A1A1 

Note:  Award A1 for an increasing curve from point (5, 0) . Award A1 for a smooth curve, with 
approximately correct shape, eg concave down, approximately passing through (10,150). 
Accept any endpoint in the range [150, 300]. 

      [2 marks] 
 
 (d) (𝑃𝑃(𝑡𝑡) =) 300− 1500

𝑡𝑡
  OR  300 − 𝑉𝑉(𝑡𝑡) A1 

      [1 mark] 
      Total [7 marks] 
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11. (a) (i) �𝐵𝐵′(𝑥𝑥) =�   −32
𝑥𝑥2 + 2   OR  �𝐵𝐵′(𝑥𝑥) =�   − 32𝑥𝑥−2 + 2 A1(M1)A1 

Note:  Award A1  for 2 seen, (M1) for expressing 1
𝑥𝑥
 as 𝑥𝑥−1 (this can be implied from, either 1

𝑥𝑥2
 or 

𝑥𝑥−2 seen in final answer), A1 for −32
𝑥𝑥2

.  Award at most A1(M1)A0 if additional terms are 
seen. 

  (ii) 𝐵𝐵′(𝑥𝑥) = 0     OR      0 = −32
𝑥𝑥2 + 2    OR     sketch of 𝐵𝐵′(𝑥𝑥) with root identified    M1 

Note:  It is specified that the student must use their derivative from part (i) to answer this 
question.  

 
   𝑥𝑥 = 4   (A1) 

Note:  FT marks can only be awarded if their x-value lies within the given domain of 𝑥𝑥 ≥ 1. 
    
   (𝐵𝐵(𝑥𝑥) =)36 (minutes) A1 
      [6 marks] 
 
 (b) 40 > 20 + 32

𝑘𝑘
+ 2𝑘𝑘  OR  2 and 8 seen   OR   sketch of T(n) and T(n) = 40 (M1) 

 
  2 < 𝑘𝑘 < 8   OR  3 ≤ 𝑘𝑘 ≤ 7   OR  3, 4, 5, 6, 7 A1 
      [2 marks] 
      Total [8 marks] 
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1. (a) 21  A1 
    [1 mark] 
 
 (b) 19   A1 
    [1 mark] 
 
 (c) 4.96 (4.96487…) A1 
    [1 mark] 
 
 (d) 32 and 12 seen  (A1) 
  20   A1 
    [2 marks] 
     Total [5 marks] 
 
 
 
2. (a) −167 + 6264 log10 10  (A1) 
  6100 (6097) A1  

Note: Award A1A0, as a special case if 14256.3… seen as an unsupported 
answer, from use of ln in place of log. 

    [2 marks] 
 
 (b) 5000 = −167 + 6264 log10 𝑥𝑥 OR −167 + 6264 log10𝑥𝑥 ≥ 5000 OR graph drawn (A1) 

    
 
  (𝑥𝑥 =)6.681 (years)  A1  

Note: Award at most (A1)A0 if the final answer is not given to 4 sf. 
    [2 marks] 
 
 (c) unrealistic  A1  
  ( − 167 + 6264 log10 1 =  − 167  OR −167 + 6264 log10 1 < 0) OR graph drawn: 
  you cannot know a negative number of words  R1  

Note: Do not award A1R0. Award R1 for −167 seen even if the explanation is not correct e.g. 
“Given that when 𝑥𝑥 = 1, 𝑦𝑦 = −167 the model is not realistic because it would mean that 
the child would be less than 1”. Mention of “negative number of words”, is sufficient for the 
R1; the calculations can be implied.  

    [2 marks] 
    Total [6 marks] 

 – 8 – 8825 – 7319M 

 

3. (a) 150   A1 
    [1 mark] 
 
 (b)  (choice of) main course is independent of (choice of) ice cream (flavour) A1 
    [1 mark] 
 
 (c) 𝑝𝑝 = 0.0926(0.0926402 … )  A2 
 

Note: Award A1 for truncated 0.092 or 2sf value of 0.093. 
    [2 marks] 
 
 (d) 0.0926 > 0.05 R1 
  (insufficient evidence to reject the null hypothesis / fail to reject null hypothesis)  
 

Note: Award R1 for 𝑝𝑝 > 𝛼𝛼 so long as the p-value was seen in previous part.  
 
  insufficient evidence to say (choice of) main course is dependent of (choice of)  

ice cream (flavour). 
  OR main course choice is independent of ice-cream flavour choice A1 
 

Note:  Do not award the A1 unless conclusion is in context. 
Do not award R0A1. Accept “not independent” in place of “dependent”.  

    [2 marks] 
    Total [6 marks] 
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6. (a) −2.6  (−13
5

) A1 
    [1 mark] 
 
 (b) EITHER  
  (−∞,−3.67]∪ [−2.6,∞)  A1A1A1 
  OR  
   𝑦𝑦 ≤ −3.67 or 𝑦𝑦 ≥ −2.6  A1A1A1 
 

Note: Award A1 for −3.67 �−3.66666 … ,−11
3

 �  seen 

  A1 for their −2.6 �−13
5
� seen and both sets of inequalities/brackets correct; 

   A1 if completely correct, including union symbol or “or”. 
 It is possible to award A0A1A0 for correctly presenting their −3.67 (and their −2.6). 
 The −3.67 maybe seen as part of a sketch.  
 Award A1A0A0 for −3.67 ≤ 𝑦𝑦 ≤ −2.6 or [−3.67,−2.6]. 

 
    [3 marks] 
 
 (c) setting 𝑓𝑓(𝑥𝑥) equal to −2 (M1) 
  𝑓𝑓(𝑥𝑥) = −2 OR −2 = 4

𝑥𝑥
− 3 OR sketch of graph with line labelled −2 

  
  4   A1  
    [2 marks] 
    Total [6 marks] 
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7. (a) 0.2  �1
5

, 20%�  A1  
    [1 mark] 
 
 (b) 0.5 × 0.3 (A1) 
  15% OR 0.15 OR 3

20
  A1  

    [2 marks] 
 
 (c) 0.3𝑏𝑏   A1  
    [1 mark] 
 

 (d) (i) an attempt to sum probabilities related to ice-skating and  
equate to 87.5% (M1) 

Note:  Two of the following three correct either 0.5 or 0.3b or their a × 0.625 as part of their sum. 
  AND no probabilities greater than 1.  

   0.5 + 0.3𝑏𝑏 + 0.2 × 0.625 = 0.875 
   (𝑏𝑏 =)0.833 �0.833333 … , 5

6
, 83.3%�  A1 

  
  (ii) (𝑐𝑐 =)0.167 �0.166666. . . , 1

6
, 16.7%�  A1 

  
Note: Award at most (M1)A0A1FT if part (a) is incorrect. Follow through within 

the question part for correctly finding their c (following an incorrect b). 
    [3 marks] 
    Total [7 marks] 
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8. (a) (𝑐𝑐 =)13 A1 
    [1 mark] 
 
 (b) (i) (1.5,0) A1 
 
  (ii) 0 = 2.25𝑎𝑎 + 1.5𝑏𝑏 + 13 A1 
 

Note: Accept 0 = (1.5)2𝑎𝑎 + 1.5𝑏𝑏 + 13.  
    [2 marks] 
 
 (c) METHOD 1 
  attempting to find another equation (e.g. in term of R, or setting d𝑦𝑦

d𝑥𝑥
 to zero)  

    (M1) 
  0 = 2.25𝑎𝑎 − 1.5𝑏𝑏 + 13 OR − 𝑏𝑏

2𝑎𝑎
= 0 (A1) 

  𝑎𝑎 = −5.78 �−52
9

,  − 5.77777 … �, 0b =  A1  
  
  METHOD 2 
  deciding to use factorized form (M1) 
  𝑦𝑦 = 𝑎𝑎(𝑥𝑥 + 1.5)(𝑥𝑥 − 1.5) 
  correct substitution of (0,13) (A1) 
  13 = 𝑎𝑎(1.5)(−1.5) 
  𝑎𝑎 = −5.78 �− 52

9
,  − 5.77777 … �, 0b =  A1  

    [3 marks] 
     Total [6 marks] 
 
 
 
9. (a) (𝑓𝑓(1) =)   13 − 2(1)2 + 5(1) − 7 OR 1 − 2 + 5 − 7 (A1) 
  −3   A1 
    [2 marks] 
 
 (b) 𝑓𝑓 ʹ(𝑥𝑥) = 3𝑥𝑥2 − 4𝑥𝑥 + 5  M1A1 
 

Note: Award M1 for an attempt at power rule (e.g. one term correct), 
A1 for a completely correct answer.  

    [2 marks] 
 
 (c) 𝑓𝑓 ʹ(1) = 4  (A1) 
  𝑦𝑦 + 3 = 4(𝑥𝑥 − 1) OR 𝑦𝑦 = 4𝑥𝑥 − 7 (or equivalent) A1 
    [2 marks] 
    Total [6 marks]  
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12. (a) (i)  (𝑎𝑎 =)100  A1 
 
  (ii) attempt to substitute values into given equation (at least two correct) (M1) 
   50 = 𝑎𝑎𝑏𝑏138 OR 50 = 100𝑏𝑏138 OR 0.5 = 𝑏𝑏138  
 

Note: Award M1 for a sketch of 𝑦𝑦 = 100𝑥𝑥138 and 𝑦𝑦 = 50.  
 
   (𝑏𝑏 =)0.995(0.994989 … )  A1  
    [3 marks] 
 
 (b) attempt to substitute (must include two of: 30, their b, equated to 4) (M1) 
  4 = 𝑎𝑎𝑏𝑏30 OR 𝑓𝑓(30) = 𝑎𝑎 × (0.994989 … )30 OR 4 = 𝑎𝑎 × (0.994989 … )𝑡𝑡  
  4 = 𝑎𝑎 × (0.994989 … )30 (A1) 
  𝑎𝑎 = 4.65(4.65051 … . ) (micrograms)  A1 
    [3 marks] 
    Total [6 marks] 
 
 
 
13. 𝑆𝑆𝑆𝑆 = 2(1.5𝑤𝑤)𝑤𝑤 + 2(1.5𝑤𝑤)ℎ + 2𝑤𝑤ℎ OR 10000 = (1.5𝑤𝑤)𝑤𝑤ℎ (M1) 
 

Note: Award M1 for an attempt to substitute 𝑙𝑙 = 1.5𝑤𝑤 into either 
surface area or volume.  

 
 correctly isolating h from volume expression  (A1) 
 ℎ = 20000

3𝑤𝑤2  OR ℎ = 10000
1.5𝑤𝑤2 

 substituting their expression for h into their expression for SA (M1) 
 𝑆𝑆𝑆𝑆 = 2(1.5𝑤𝑤)𝑤𝑤 + 2(1.5𝑤𝑤) 20000

3𝑤𝑤2 + 2𝑤𝑤 20000
3𝑤𝑤2   

 
 (𝑆𝑆𝑆𝑆 = 3𝑤𝑤2 + 20 000

𝑤𝑤
+ 40 000

3𝑤𝑤
 OR 𝑆𝑆𝑆𝑆 = 3𝑤𝑤2 + 100 000

3𝑤𝑤
) 

 
 EITHER 
 sketch of their graph with minimum indicated (M1) 
 (𝑤𝑤 =)17.7 (cm) (17.7109 … (cm))  A1 
 
 OR 
 attempt to differentiate expression in terms of only w AND setting to zero (M1) 
 0 = 6𝑤𝑤 − 100 000

3𝑤𝑤2    
 (𝑤𝑤 =)17.7 (cm) (17.7109 … (cm))  A1 
    Total [5 marks] 
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 (f) 0.1954    A1 
  0.1  seen  OR  R (5,  3.8046)  seen A1 
  Jenny’s model for the height of the walkway has the smaller estimate A1 

Note:  The final A1 is contingent on both preceding A1 marks being awarded.  

      [3 marks] 
      Total [16 marks] 
 

 

5. (a) 28 25sin 30+   (A1)(M1) 

Note:  Award A1 for 30°  seen. Award M1 for expressing the height of V as “28 + 
another value”.  

 
  OR 
 

  ( )3 50 3
4

  + 
 

 OR 3 12.5 3× +  (A1)(M1) 

 
 
  THEN 
 
  40.5 (m)   A1 
    [3 marks] 
 

 (b) 9
12

   OR   0.75 seen   (A1) 

  28 (m)   A1 

Note:  Award (A1)A1FT for an answer of 25 seen as the height of their midpoint in part (a). 

    [2 marks] 
 

 (c) 1
3

 seen OR sketch diagram with M and V at same (approx.) height/location  

OR 𝟐𝟐𝟐𝟐 − 𝟐𝟐𝟐𝟐cos(𝟑𝟑𝟑𝟑𝟑𝟑) = 𝟐𝟐𝟐𝟐 + 𝟐𝟐𝟐𝟐sin�𝟑𝟑𝟑𝟑(𝒕𝒕 + 𝟏𝟏)�  (M1) 
  4t =   A1 
  10t =  A1 
    [3 marks] 
 
 (d) 25  A1 
    [1 mark] 
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 (e) (i) 360( )
12

b =  OR an attempt to form an equation from a known point (M1) 

   ( )  30b =   A1 

Note:  Accept an answer of 2 , , 0.523598...
12 6
π π , from use of radians (as degrees not explicit 

in question). 

  (ii) ( ) 28d =   A1 

Note:  Accept an answer of 25, if consistent with their working and answers in parts (a) and (b). 

    [3 marks] 
 
  
 (f) 10 and 20 seen (A1) 
  30 (metres) A1 
  
  
    [2 marks] 
 
 (g) ( )(18) 20sin (36 18) 40b = × +  OR  21.0 (20.9788...)  (A1) 
  ( (18) ) 10cos (72 18)k = ×   OR  8.09 ( 8.09016...)− −  (A1) 
 
  10cos (72 18) 20sin (36 18) 40× + × +  (M1) 

Note:  Award M1 for summing their expressions or values. 

  12.9 (m) (12.8886...)   A1 

Note:  Accept an answer of (54.7844... 0.92896... ) 53.8554...− = , from use of radians (as 
degrees not explicit in question). 

    [4 marks] 
    Total [18 marks] 
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4.  (a) 1.26 ( 0.26)
2

− −  OR 1.52
2

 (A1) 

  0.76  A1 
     [2 marks] 
 

 (b) 1.26 ( 0.26)
2

+ −  (A1) 

  0.5  A1 
     [2 marks] 

 
 (c) METHOD 1 
  attempt to subtract the times at the minimum and maximum (M1) 
  10 : 48 03: 36−  ( 7 :12)=   
  ( )7 :12 2× =  14:24 (A1) 
  14.4    A1 
 
  METHOD 2 
  correct conversion of at least one time in hours, e.g 10.8  or 3.6  seen (A1) 
  attempt to subtract their times (M1) 
  10.8 3.6  ( 7.2)− =  
  (7.2 × 2 or 3.6 × 4 =) 14.4 A1 
 
    [3 marks] 

 

 (d) 360
14 4⋅

   OR   
2π
14.4

 (A1) 

Note: Award full marks for (d), (e) and (g) if radians used. FT from their (c). 
 
  ( ) 25b =  (seen, including in an incorrect equation)   OR  0.436  (0.436332…)  (A1)  

 
  ( ) 0.76sin (25 ) 0.5h t t= +      OR  ℎ(𝑡𝑡) = 0.76sin(0.436𝑡𝑡) + 0.5 A1  

Note: Do not accept y and x in place of ( )h t  and t. 

     [3 marks] 
  
 (e) attempt to substitute 2.5 into their equation (M1) 

Note: If they lost the mark in (c) because they did not convert to real number, AND substitute 
2.3 in the formula, then award full FT marks. 

 
  ( )(2.5) 0.76sin (25 2.5) 0.5h = × +     OR  0.76sin(0.436 × 2.5) + 0.5   
  1.17 (1.17412 )(m)…   A1 
     [2 marks] 
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 (f) the road is above the water-level OR the island is accessible OR 
  cars can drive on the road R1 
 

Note: Accept equivalent statements. 
     [1 mark] 
 
 (g) setting their equation to zero (M1) 
  0 0.76sin (25 ) 0.5t= +     OR   0 = 0.76sin(0.436332 … 𝑡𝑡) + 0.5 

8.84558t = …, 12.7544t = … , 23.2455t = …  (A1)(A1) 
 

 
Note: Award A1A0 if only one or two correct t-values are seen. 

 
  finding differences between t-values (M1) 
  12.7544 8.84558…− … OR 24 23.2455− … 
  4.66 (4.66325…) (hours) A1 

Note: Answer does not need to be in minutes, but accept “4 hours 40 minutes” or 
“280 minutes” as a correct final answer. 
 
Award (M1)(A1)A0(M1)A0 for an answer of “3.91 hours”, “3 hours and 55 
minutes”, or “235 minutes” (i.e., only considering first minimum). 

     [5 marks] 
   Total [18 marks] 
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5.  (a) (i) 
60 3 2

0
0.001 0.12 4.05 3 dx x x x− + +∫  OR 

60

0
( ) df x x∫   A1A1 

 

Note: Award A1 for 
60

0
∫ , A1 for 3 20.001 0.12 4.05 3x x x− + +  or " ( )"f x  and dx . 

 
 
 (ii)  2 )2070  (m   A2  

     [4 marks] 
 

 (b)  (i) 24.2  (24.1886 ),   44.9  (44.9056 )x y= … = …  or (24.2, 44.9) A1A1 

Note: Award A1A0 if parentheses are omitted. 
 
 
  (ii) attempt to use inverse tangent (M1) 

   1tan y
x

−  
 
 

 

  ( )61.7     61.6907° …°  A1 
     [4 marks] 
 
 (c) METHOD 1 
  attempt to use trapezoidal rule, for 20h = . (M1) 

  ( )1 (20) (3 30) 2(44 37)
2

+ + +   (A1)  

  2 )1950  (m   A1 
 
  METHOD 2 
  attempt to find area of three trapezoids, each with 20h =  (M1) 
  correct expressions of values seen (A1) 

  1 1 1(3 44) 20, (44 37) 20, (37 30) 20
2 2 2

+ + +  OR 470, 810, 670 

  2 )1950  (m   A1 
     [3 marks] 

 
 

  
  


