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1.  

 3  6 
2
12  π –5 

      

      

      

Note: Accept any symbol for ticks. 
Do not penalize if candidate had also indicated, 
by a different symbol, that the number is not 
an element of the set. 

Row  correct, no extra entries. (A1) (C1) 

Row  (A1)(A1) 
Note: Award (A1) for each correct tick and no 
extra entries. Award (A1) only for both ticks correct 
and 1 extra entry, (A0) otherwise.  (C2) 

Row  (A1)(A1)(A1) 
Note: Award (A1) for each correct tick and no 
extra entries. Award (A2) only for all 3 correct 
and one extra entry. Award (A1) only for 2 correct 
and one extra entry. (A0) otherwise.  (C3) 

[6] 

 

  

2. (a) p = 1.775 – 
48
44.1  (M1) 

Note: Award (M1) for correctly substituted equation for p. 

  = 1.75  ⎟
⎠

⎞
⎜
⎝

⎛
4
7,750.1  (A1) (C2) 

  

(b) (i) x = 2, y = 1, z = 50 (A1) 

(ii) p = 1.98 ⎟
⎠

⎞
⎜
⎝

⎛
50
99  (A1)(ft) (C2) 

Note: Follow through from part (b)(i), irrespective of whether 
working is shown. 
Note: If 2 s.f. used throughout part (b)(i) award (A1)(ft) for 
1.78 or 1.8. 
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(c) 
75.1
75.198.1 −

 × 100 (M1) 

Note: Award (M1) for correctly substituted % error formula. 
Note: Follow through from parts (a) and (b). 

 = 13.1% (A1)(ft) (C2) 
Notes: % sign not required. Do not accept –13.1% 
If 100 missing and incorrect answer, award (M0)(A0). 
If 100 missing and answer incorrectly rounded, award 
(M1)(A1)(AP). 

[6] 

 

  

3. (a) w = (2.6 × 104) × (5.0 × 10–8) 
= 13 × 10–4 or 0.0013 (if written as working) (A2) 
= 1.3 ×10–3 (A1)(A1) (C4) 

Note: For incorrect answers with no working, award marks as 
follows: 
13 × 10–4: (A1)(A1), 0.0013: (G2), 1.3E-3: (G2), 1.3E3: (G1), 
1.3 ×103:(A2)(A0). 

  

(b) Statements (ii) and (iv) are incorrect. (A2)(A2) (C4) 
Note: Both correct statements given with at most one extra, 
allow (A2). 

[8] 

 

  

4. (a) For multiplying 2 lengths (M1) 
6260.9 sq m (accept 6260 or 6261) (A1) (C2) 

  

(b) For multiplying each length by 100 (M1) 
Note: Award (M0)(A0) if multiplying their (a) by 100. 

9140 × 6850 = 62,609,000 (accept 62,600,000 or 62,610,000) (A1) (C2) 

  

(c) 6.26 × 107 For 6.26 (A1) 
 For 107 (A1) (C2) 

[6] 
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5. Unit penalty (UP) applies in part (a). 

(a) 
365

000000150π2 ×r
 (M1)(A1)(M1) 

Notes: Award (M1) for substitution in correct formula for 
circumference of circle. 
Award (A1) for correct substitution. Award (M1) for dividing 
their perimeter by 365. 

Award (M0)(A0)(M1) or 
365

000000150 . 

UP  2 580 000 km (A1) (C4) 

  

(b) 2.58 × 106 (A1)(ft)(A1)(ft) (C2) 

Notes: Award (A1)(ft) for 2.58, (A1)(ft) for 106. 
Follow through from their answer to part (a). The follow 
through for the index should be dependent not only on the 
answer to part (a), but also on the value of their mantissa. 
No (AP) penalty for first (A1) provided their value is to 3 sf or 
is all their digits from part (a). 

[6] 

 

  

6. (a) 45000 + (5 – 1)1750 (M1)(A1) 
Note: Award (M1) for substituted AP formula, (A1) for correct 
substitutions. 

 = 52000 USD (A1) (C3) 
Notes: If a list is used, award (M1) for recognizing AP, award 
(A1) for seeing 52000 in their list, (A1) for final answer. 

  

(b) 
2
10

(2(45000) + (10 – 1)(1750)) (M1)(A1) 

Notes: Award (M1) for substituted AP formula, (A1)(ft) for 
correct substitutions. Follow through from their common 
difference used  in part (a). 

 = 528750 USD (A1)(ft) (C3) 
Notes: Accept 529000. 
If a list is used, award (M1) for recognizing sum of AP, (A1) for 
seeing 60750 included in the sum or 528750 in a cumulative 
list. 

[6] 

 

  

7. (a) 8 (A1) (C1) 
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(b) 5 (A1)(ft) (C1) 

  

(c) 18 (A1)(ft) (C1) 

  

(d) 3 + 5 × (n – 1) > 1000 (M1) 
Note: Allow equality sign and equal to 1001 

 n > 200.4 (A1) 
Note: Accept n = 200.4 or 5n = 1002 

 OR 

 (M1) for attempt at listing, (A1) for 998 and 1003 seen. (M1)(A1) 

 n = 201 (A1)(ft) (C3) 
Note: Follow through from their answer to (b). 

[6] 

 

  

8. (a) r = ⎟
⎠

⎞
⎜
⎝

⎛
3
1

108
36  (A1) (C1) 

Note: Accept 0.333. 

  

(b) u1

7

3
1
⎟
⎠

⎞
⎜
⎝

⎛  = 36 (M1) 

Note: Award (M1) for correct substitution in formula for nth 
term of a GP. Accept equivalent forms. 

 u1 = 78732 (A1)(ft) (C2) 
Notes: Accept 78700. Follow through from their common ratio 
found in part (a). If 0.333 used from part (a) award 
(M1)(A1)(ft) for an answer of 79285 or 79300 irrespective of 
whether working is shown. 
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(c) 118096 = 
⎟
⎠

⎞
⎜
⎝

⎛
−

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
⎟
⎠

⎞
⎜
⎝

⎛
−

3
11

3
1178732

k

 (M1)(M1) 

Notes: Award (M1) for correct substitution in the sum of a GP 
formula, (M1) for equating their sum to 118096. Follow 
through from parts (a) and (b). 

 OR 

 Sketch of the function y = 78732
⎟
⎠

⎞
⎜
⎝

⎛
−

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
⎟
⎠

⎞
⎜
⎝

⎛
−

3
11

3
11

k

 (M1) 

Indication of point where y = 118 096 (M1) 

 OR 

 78 732 + 26 244 + 8748 + 2916 + 972 + 324 + 108 + 36 + 12 + 4 
= 118 096 (M1)(M1) 

Note: Award (M1) for a list of at least 8 correct terms, (M1) for 
the sum of the terms equated to 118096. 

 k = 10 (A1)(ft) (C3) 
Notes: Follow through from parts (a) and (b). If k is not an 
integer, do not award final (A1). Accept alternative methods. 
If 0.333 and 79285 used award (M1)(M1)(A1)(ft) for k = 5. 
If 0.333 and 79300 used award (M1)(M1)(A0). 

[6] 

 

  

9. Financial penalty (FP) applies in parts (b) and (c) 

(a) r = 
8000
8320

 (or equivalent) (M1) 

Note: Award (M1) for dividing correct terms. 

 r = 1.04 (A1) (C2) 
Notes: In (b) and (c) (ft) from candidate’s r. 
Allow lists, graphs etc. as working in (b) and (c). 

  

(b) Fees = 8000 (1.04)6 (M1) 
Note: Award (M1) for correct substitution into correct formula. 

FP  Fees = 10122.55 USD (USD not required) (A1)(ft) (C2) 
Note: Special exception to the note above. 
Award maximum of (M1)(A0) if 5 is used as the power. 

  

(c) Total = 
104.1

)104.1(8000 8

−

−  (M1) 
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Notes: Award (M1) for correct substitution into correct 
formula. 
Give full credit for solution by lists. 

FP  Total = 73713.81 USD (USD not required) (A1)(ft) (C2) 
[6] 

 

  

10. (a) p + q = 47 (A1) 

 4p + q = 53 (A1) (C2) 

  

(b) Reasonable attempt to solve their equations (M1) 
p = 2, q = 45 (A1) (C2) 

Note: Accept only the answers p = 2, q = 45. 

  

(c) C = 2 × 20.5(10) + 45 (M1) 
C = 109 (A1)(ft) (C2) 

Note: Award (M1) for substitution of 10 into the formula with 
their values of p and q. 

[6] 

 

  

11. (a) 4a + 2b = 20 
a + b = 8 (A1) 
a – b = –4 (A1) (C2) 

Note: Award (A1)(A1) for any two of the given or equivalent 
equations. 

  

(b) (i) a = 2 (A1)(ft) 

  

(ii) b = 6 (A1)(ft) (C2) 
Note: Follow through from their (a). 

  

(c) x = 
)2(2
6

−  (M1) 

Note: Award (M1) for correct substitution in correct formula. 

 = –1.5 (A1)(ft) (C2) 
[6] 
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12. Unit penalty applies in part (c) 

(a) (x + 1)2–1 or x2 + 2x (A1) (C1) 

  

(b) (x + 1)2 – 1 = 109.25 (M1) 
x2 + 2x – 109.25 = 0 (M1) 

Notes: Award (M1) for writing an equation consistent with their 
expression in (a) (accept equivalent forms), (M1) for correctly 
removing the brackets. 

 OR 

 (x + 1)2 – 1 = 109.25 (M1) 
x + 1 = 25.110  (M1) 

Note: Award (M1) for writing an equation consistent with their 
expression in (a) (accept equivalent forms), (M1) for taking the 
square root of both sides. 

 OR 

 (x + 1)2 – 10.52 = 0 (M1) 
(x – 9.5)(x + 11.5) = 0 (M1) 

Note: Award (M1) for writing an equation consistent with their 
expression in (a) (accept equivalent forms), (M1) for factorised 
left side of the equation. 

 x = 9.5 (A1)(ft) (C3) 
Note: Follow through from their expression in part (a). The last 
mark is lost if x is non-positive. 
If the follow through equation is not quadratic award at most 
(M1)(M0)(A1)(ft). 

UP (c) 4 × (9.5 + 1) = 42 m (M1)(A1)(ft) (C2) 
Notes: Award (M1) for correct method for finding the length of 
the fence. Accept equivalent methods. 

[6] 

 

  

13. (a) (x + 8)2 = (x + 7)2 + x2 (A1) 
Note: Award (A1) for a correct equation. 

 x2 + 16x + 64 = x2 + 14x + 49 + x2 (A1) 
Note: Award (A1) for correctly removed parentheses. 

 x2 – 2x –15 = 0 (A1) (C3) 
Note: Accept any equivalent form. 

  

(b) x = 5, x = –3 (A1)(ft)(A1)(ft) (C2) 
Notes: Accept (A1)(ft) only from the candidate’s quadratic 
equation. 

  

(c) 30 cm (A1)(ft) (C1) 
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Note: Follow through from a positive answer found in part (b). 
[6] 

 

  

14.  

 (A1)(A1)(A1) 
 (A1)(A1)(A1) (C6) 

Note: Award (A1) for each number placed once in the correct 
region. Accept equivalent forms for numbers. 

[6] 

 

  

15. (a) 17 (A1) (C1) 

  

(b) 35 – 17 (M1) 
= 18 (A1) (C2) 

Note: Award (A1) for correct answer only. 

  

(c) 60 – (35 – 17) – (28 – 17) – 17 (M1) 

 = 14 (A1)(ft) (C2) 
Note: Follow through from (a) and (b). 

  

(d) 

 (A1) (C1) 
[6] 

 

  

16. (a) If I do not choose history then I choose either psychology or I 
choose art (A1)(A1)(A1) (C3) 
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Notes: Award (A1) for ‘if…(then)…’ 
Award (A1) for ‘not choose history.’ 
Award (A1) for ‘choose (either) psychology or art (or both).’ 
If the order of the statements is wrong award at most 
(A1)(A1)(A0) 

  

(b) 
a p ¬a ¬a ⇒  p 

T T F T 

T F F T 

F T T T 

F F T F 

  (A1) (C1) 

  

(c) Neither, because not all the entries in the last column are the same(A1)(ft)(R1) (C2) 
Notes: Do not award (R0)(A1). 
Follow through from their answer to part (b). 
Reasoning must be consistent with their answer to part (b). 

[6] 

 

  

17. (a) 
p q ¬q p ⇒  ¬q 

T T F F 

T F T T 

F T F T 

F F T T 

  (A1)(A1) (C2) 
Note: Award (A1) for ¬q, (A1) for last column. 

  

(b) p ⇒  q (A1)(A1) (C2) 
Note: Award (A1) for ⇒ , (A1) for p and q in the correct order. 

  

(c) If Cristina does not do well on the logic test then she does not 
understand logic. (A1)(A1) (C2) 

Note: Award (A1) for If…(then), must be an implication, (A1) 
for the correct propositions in the correct order. 

[6] 

 

  

18. (a) –4, –3, –2, –1, 0, 1, 2 (A1) (C1) 
Note: Award (A1) for correct numbers, do not penalise if 
braces, brackets or parentheses seen. 
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(b) 
7
4

 (0.571, 57.1%) (A1)(ft)(A1)(ft) (C2) 

Notes: Award (A1)(ft) for numerator, (A1)(ft) for denominator. 
Follow through from part (a). 
Note: There is no further penalty in parts (c) and (d) for use of 
denominator consistent with that in part (b). 

  

(c) 
7
1

 (0.143, 14.3%) (A1)(ft) (C1) 

Note: Follow through from part (a). 

  

(d) 
7
1

 (0.143, 14.3%) (A1)(ft)(A1)(ft) (C2) 

Note: Award (A1)(ft) for numerator, (A1)(ft) for denominator. 
Follow through from part (a). 

[6] 

 

  

 

Á ü19. (a) ⎟
⎠

⎞
⎜
⎝

⎛ %2.43,432.0,
125
54

250
108 (A1)(A1)(C2) 

Note: Award (A1) for numerator, (A1) for denominator. 

  

(b) 
106
25

 (0.236, 23.6%) (A1)(A1) (C2) 

Note: Award (A1) for numerator, (A1) for denominator. 

  

(c) 
170
71

 (0.418, 41.8%) (A1)(A1) (C2) 

Note: Award (A1) for numerator, (A1) for denominator. 
[6] 
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20. (a) = 
150
91

 (0.607, %6.60  , 60.7%) (A1)(A1) (C2) 

Note: Award (A1) for numerator, (A1) for denominator. 

  

(b) = ⎟
⎠

⎞
⎜
⎝

⎛ %74,74.0,
50
37

150
111  (A1)(ft)(A1) (C2) 

Note: Award (A1)(ft) for their numerator in (a) +20 provided 
the final answer is not greater than 1. (A1) for denominator. 

  

(c) 
91
16

 (0.176, 17.6%) (A1)(A1)(ft) (C2) 

Note: Award (A1) for numerator and (A1)(ft) for denominator. 
Follow through from their numerator in (a) provided answer is 
not greater than 1. 

[6] 

 

  

21. (a) q = 4 (A1) (C1) 

  

(b) 2.5 = 
4
r

 (M1) 

 r = 10 (A1) (C2) 

  

(c) –8.5 (A1)(ft) (C1) 

  

(d) –8.5 ≤ y ≤ 104 (A1)(ft)(A1)(ft) (C2) 
Notes: Award (A1)(ft) for their answer to part (c) with correct 
inequality signs, (A1)(ft) for 104. Follow through from their 
values of q and r. Accept 104 ±2 if read from graph. 

[6] 

 

  

22. (a) p = –2 (A1) 

q = 4  (A1) (C2) 
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(b) (i) domain = all real numbers except x = 2 (A1)(A1) (C2) 

Note: (A1) for , (A1) for except x = 2, (or equivalent 
notation) 

(ii) range g(x) > 0 (accept y > 0) (A1) 

OR 

(0, ∞)  (A1) 

OR 

0, ∞  (A1) (C1) 

Note: Accept 0 < y ≤ ∞ 

(iii) x = 2 (A1) (C1) 

Note: must be an equation with x 
[6] 

 

  

23. Note: Unit penalty (UP) applies in part (c) 

(a) AUD 60 (A1) (C1) 

  

(b) C = 60 + 90(3.5) = AUD 375 (M1)(A1) (C2) 
Note: Award (M1) for correct substitution of 3.5. 

  

(c) 510 = 60 + 90t (M1)(A1) 

UP  t = 5h (hours, hrs) (A1) (C3) 
Note: Award (M1) for setting formula = to any number. 
(A1) for 510 seen. 

[6] 

 

  

24. (a) x = 
2
4
−

−  (M1) 

x = 2 (A1) 

 OR 

 
x
y
d
d

 = 4 – 2x (M1) 

x = 2 (A1) 

 (2, 7) or x = 2, y = 7 (A1) (C3) 
Notes: Award (M1)(A1)(A0) for 2, 7 without parentheses. 



IB Questionbank Mathematical Studies 3rd edition 13 

 

(b) (i) C labelled in correct position on graph (A1) (C1) 

 
  

(ii) 3 = 3 + 4x – x2 (M1) 
Note: Award (M1) for correct substitution of y = 3 into 
quadratic. 

 (x =) 4 (A1) (C2) 

 OR 

 Using symmetry of graph x = 2 + 2 (M1) 
Note: Follow through from their x-coordinate of the vertex. 

 (x =) 4 (A1)(ft) (C2) 
[6] 

 

  

25. Financial penalty applies in part (b). 

(a) 25 000 USD (A1) (C1) 

  

(b) 25 000 × 1.5–0.6 (M1) 

FP  19 601.32 USD (A1) (C2) 
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(c) 12 500 = 25 000 × 1.5–0.2t (A1)(ft)(M1) 
Notes: Award (A1)(ft) for 12 500 seen. Follow through from 
their answer to part (a). 
Award (M1) for equating their half value to 25 000 × 1.5–0.2t. 
Allow the use of an inequality. 

 OR 

 Graphical method (sketch): 
(A1)(ft) for y = 12500 seen on the sketch. Follow through from 
their answer to part (a). (A1)(ft) 
(M1) for the exponent model and an indication of their intersection 
with their horizontal line. (M1) 

 8.55 (A1)(ft) (C3) 
[6] 

 

  

26. (a) 2 (A1) (C1) 

  

(b) 
24
360

 (M1) 

= 15 (A1) (C2) 

  

(c) –3 (A1) (C1) 

  

(d) 16 ≤ t ≤ 20 (A1)(A1) (C2) 
Notes: Accept [16, 20] 
Award (A1) for end points of 16 and 20 seen. 
Award (A1) for consistent use of ≤ with t. 
Award (A1)(A0) for 16 – 20. 

[6] 
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27. (a) (i) 

(A1)(A1)(A1) 
Notes: Award (A1) for labels and scale on y-axis. 
Award (A1) for smooth increasing curve in the given domain. 
Award (A1) for asymptote implied (gradient → 0). 

  

(ii) (0, 2) (accept x = 0, y = 2) (A1) (C4) 
Note: If incorrect domain used and both (0, 2) and (–0.737, 0) 
seen award (A1)(ft). 

  

(b) line passing through (0, 5), parallel to x-axis and not intersecting 
their graph. (A1) (C1) 

 zero (A1) (C1) 
[6] 

 

  

28. (a) 
)1(5
48
−−

−
 (M1) 

Note: Award (M1) for correct substitution into the gradient 
formula. 

 ⎟
⎠

⎞
⎜
⎝

⎛ 667.0,
6
4

3
2  (A1) (C2) 
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(b) y = 
3
2 x + c (A1)(ft) 

Note: Award (A1)(ft) for their gradient substituted in their 
equation. 

 y = 
3
14

3
2

+x  (A1)(ft) (C2) 

Notes: Award (A1)(ft) for their correct equation. 
Accept any equivalent form. 
Accept decimal equivalents for coefficients to 3 sf. 

 OR 

 y – y1 = (x – x1) (A1)(ft) 
Note: Award (A1)(ft) for their gradient substituted in the 
equation. 

 y – 4 = 
3
2

(x + 1) OR y – 8 = 
3
2

(x – 5) (A1)(ft) (C2) 

Note: Award (A1)(ft) for correct equation. 

  

(c) y = 
3
148

3
2

+×  OR y – 4 = 
3
2

(8 + 1) OR y – 8 = 
3
2

(8 – 5) (M1) 

Note: Award (M1) for substitution of x = 8 into their equation. 

 y = 10 (10.0) (A1)(ft) (C2) 
Note: Follow through from their answer to part (b). 

[6] 

 

  

29. Unit penalty applies in parts (a) and (b) 

(a) AC2 = 7.22 + 9.62 (M1) 
Note: Award (M1) for correct substitution in Pythagoras 
Theorem. 

UP  AC = 12 m (A1) (C2) 

  

(b) AG2 = 122 + 3.52 (M1) 
Note: Award (M1) for correct substitution in Pythagoras 
Theorem. 

UP  AG = 12.5m (A1)(ft) (C2) 
Note: Follow through from their answer to part (a). 
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(c) tan θ = 
12
5.3

 or sin θ = 
5.12
5.3

 or cos θ = 
5.12

12
 (M1) 

Note: Award (M1) for correct substitutions in trig ratio. 

 θ = 16.3° (A1)(ft) (C2) 
Notes: Follow through from parts (a) and/or part (b) where 
appropriate. Award (M1)(A0) for use of radians (0.284). 

[6] 

 

  

30. (a) 

 

11
10
9
8
7
6
5
4
3
2
1

–1
–2

1 2 3 4 5 6
7
8

 (A2) (C2) 
Notes: For 3 correctly plotted points. 
For 2 correctly plotted points award (A1) only. 

  

(b) Co-ordinates D are (2.5, 6.5), ft on their AB (A1) 
Co-ordinates E are (4, 1), ft on their AC (A1) 
Distance DE = )5.55.1( 22 +  for using Pythagoras (M1) 
= 5.70 (A1) (C4) 

[6] 
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31. Unit penalty applies in part (b). 

(a) sin 
9
4DB̂A =  (M1) 

100 + their D)B̂(A  (M1) 
126° (A1) (C3) 

Notes: Accept an equivalent trigonometrical equation involving 
angle ABD for the first (M1). 
Radians used gives 100°. Award at most (M1)(M1)(A0) if 
working shown. 
BD = 8 m leading to 127°. Award at most (M1)(M1)(A0) 
(premature rounding). 

  

(b) AC2 = 102 + 92 – 2 × 10 × 9 × cos(126.38...) (M1)(A1) 
Notes: Award (M1) for substituted cosine formula. 
Award (A1) for correct substitution using their answer to part 
(a). 

  

UP  AC = 17.0 m (A1)(ft) (C3) 
Notes: Accept 16.9 m for using 126. 
Follow through from their answer to part (a). 
Radians used gives 5.08. Award at most (M1)(A1)(A0)(ft) if  
working shown. 

[6] 

 

  

32. (a) 

 28º

Angle of elevation

 (A1) 

  

(b) x = 
°28tan
5.26

 (or equivalent, allow follow-through from part (a)) (M1) 

= 49.83925... (A1) 
= 50 m (correct to nearest metre) (A1) 

[4] 
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33. Unit penalty (UP) may apply in this question. 

(a)  

 
  (A1) 

Note: (A1) for fully labelled sketch.  (C1) 

  

(b) 
65sin
7

30sin
AB

=  (M1) 

UP  AB = 3.86 cm (A1)(ft) 
Note: (M1) for use of sine rule with correct values 
substituted.  (C2) 

  

(c) Angle CÂB  = 85° (A1) 

Area = °××× 85sin86.37
2
1  (M1) 

UP = 13.5 cm2 (A1)(ft) (C3) 
[6] 

 

  

34. (a) q = 25 – (4 + 3 + 8 + 4 + 1) (M1) 
Note: Award (M1) for subtraction from 25 of all values from 
the table. 

 = 5 (A1) (C2) 

  

(b) (i) 2.2 (A2)(ft) (C2) 
Note: Award (M1) for use of mean formula with correct 
substitution. 
Follow through from part (a), irrespective of whether working 
is shown. 

  

(ii) 2 (A1) (C1) 
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(iii) 1.39 (A1)(ft) (C1) 
Note: Follow through from part (a), irrespective of whether 
working is shown. 
Award (A1)(AP) for 1.38. 

[6] 

 

  

35. (a)  

 
  (A3) 

Notes: (A3) for correct histogram, 
(A2) for one error, (A1) for two errors, (A0) for more 
than two errors. 
Award maximum (A2) if lines do not appear to be drawn 
with a ruler. 
Award maximum (A2) if a frequency polygon is drawn.  (C3) 

  

(b) Modal group = 3800 ≤ w < 4000 (A1) (C1) 

  

(c) Probability = 
35
3  (0.0857, 8.57%) (A1)(A1) 

Note: (A1) for correct numerator (A1) for correct denominator.  (C2) 
[6] 

 



IB Questionbank Mathematical Studies 3rd edition 21 

 

36. (a) Mode = 171 (A1) 
Median 148, 151, 158, 163, 171, 171, 184 
= 163  (A1) 
Mean = 64.7 (A1) 
Standard deviation = 13.3 (A1) 

Notes: If both mean and standard deviation given to 
2 significant figures 
Mean 65, (A0)(AP) 
Standard deviation 13 (A1)(ft) ((AP) already deducted).  (C4) 

  

(b)  

 
  (A1)(A1) 

Notes: (A1) for stemplot with a key and (A1) for 
numbers in correct order. 
If key missing award (A0)(A1) if numbers are in the 
correct order.  (C2) 

[6] 

 

  

37. (a) 
% 0–20 20–40 40–60 60–80 80–100 

F 14 26 58 16 6 

  (A1)(A1)(A1) (C3) 

  

(b) 50 (A1) (C1) 

  

(c) Mean = 
120

690.......1410 ×++×
 (M1) 

Note: Award (M1) for correct substitution of their values from 
(a) in mean formula. 

 = 45
3
2

  (45.7) (A1)(ft) (C2) 

[6] 

 

  

38. Unit penalty applies in parts (a) and (d) 

UP (a) 61 kg (A1) (C1) 

  

(b) 66 – 52 (A1) 
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= 14 (A1)(ft) (C2) 
Note: Award (A1) for identifying quartiles, (A1)(ft) for correct 
subtraction of their quartiles. 

  

(c) 20 (A1) (C1) 

  

(d) 
40

205.56205.49 ×+×
 (M1) 

Note: Award (M1) for multiplication of midpoints by 
frequencies. 

UP  = 53 kg (A1) (C2) 
[6] 

 

  

39. (a) 0.965 (A1) (C1) 

  

(b) y = 1.15x + 0.976 
(A1) for 1.15x (A1) for +0.976 (A1)(A1) (C2) 

  

(c) y = 1.15 (7) + 0.976 (M1) 
Chemistry = 9.03        (accept 9) (A1)(ft) (C2) 

Note: Follow through from candidate’s answer to (b) even if no 
working is seen. Award (A2)(ft). 

  

(d) the correlation coefficient is close to 1 
OR strongly correlated variables 
OR 7 lies within the range of physics marks. (R1) (C1) 

[6] 

 

  

40. (a) s = 3.56t – 14.6 (A1)(A1)(A1) (C3) 
Notes: Award (A1) for 3.56 
(A1) for –14.6 
(A1) for s and t 
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(b) s = 3.56 × 24 – 14.6 (M1) 
= 70.84 (70.9) (A1)(ft) 
= 71 ice creams (A1)(ft) (C3) 

Note: (ft) from candidates answer to (a). 
Note: The last (A1) is for specified accuracy, (ft) from their 
answer. 
The (AP) for the paper is not applied here. 

[6] 

 

  

41. (a) Chosen profession is independent of gender. (A1) 

 OR 

 There is no association between gender and chosen profession. (A1) (C1) 
Note: Do not accept “not related”, “not correlated” or “not 
influenced”. 

  

(b) 2 (A1) (C1) 

  

(c) 
400
80180×

 (M1) 

 OR 

 
400
80

400
180

×  × 400 (M1) 

 = 36 (A1) (C2) 

  

(d) p-value > 0.05 (R1) 
Accept H0 (A1) (C2) 

Note: Do not award (R0)(A1). 
[6] 

 

  

42. (a) f ′(x) = 6x2 − 10x + 3 (A1)(A1)(A1) 
Notes: Award (A1) for each correct term and no extra terms. 
Award (A1)(A1)(A0) if each term correct and extra term seen. 
(A1)(A0)(A0) if two terms correct and extra term seen. 
Award (A0) otherwise.  (C3) 

  

(b) f ′ (2) = 7 (A1)(ft) (C1) 
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(c) y = 7x – 11 or equivalent (A1)(ft)(A1)(ft) 
Notes: Award (A1)(ft) on their (b) for 7x (must have x) 
(A1)(ft) for –11. 
Accept y − 3 = 7(x − 2).  (C2) 

[6] 

 

  

43. (a) 2x + 3 (–1 for each extra term) (A2) (C2) 
Note: If correct and an extra term included, 
award (A1) only. 

(b) Equating the gradient to 5 (2x + 3 = 5) (M1) 
For solving attempt (M1) 
For x = l (A1) 
Co-ordinates (1, 2) (A1) (C4) 

[6] 

 

  

44. Financial penalty (FP) applies in part (b). 

(a) k = 2.034 × 0.632 (M1) 
    = 1.29 (1 GBP = 1.29 EUR) (A1) (C2) 

Note: Accept 1.29 only 

  

(b) 400 × 0.632 (M1) 
= 252.80 EUR (A1) 

 2 % of 252.80 = 5.06 EUR (A1) 
FP  She receives 247.74 EUR (A1) 

 OR 

FP  0.98 × 252.80 = 247.74 EUR (A1)(A1) (C4) 
Note: Accept (A1) for 0.98 seen. 

[6] 

 

  

45. Financial penalty applies in part (a) 

(a) I = 1200 1200
600
2.71

125

−⎟
⎠

⎞
⎜
⎝

⎛
+

×

 (M1)(A1) 

FP  I = 518.15 euros (A1) (C3) 
Notes: Award (M1) for substitution in the compound interest 
formula, (A1) for correct substitutions, (A1) for correct answer. 
If final amount found is 1718.15 and working shown award 
(M1) (A1)(A0). 
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(b) 518.15 = 
100

51200 ×× r
 (M1)(A1)(ft) 

r = 8.64 % (% sign not required) (A1)(ft) (C3) 
Note: Award (M1) for substitution in the simple interest 
formula, (A1)(ft) for correct substitution, (A1)(ft) for answer. 

[6] 

 

  

46. Financial accuracy penalty (FP) is applicable where indicated. 

FP (a) 15 × 83.6440 = $1254.66 (A1)(M1)(A1) (C3) 

Note: The first (A1) for 15 seen. (M1) for 83.6440 in a product. 
(A1) for 1254.66. 

  

FP (b) Total repayment is 24 × 1254.66 = $301118.40 (M1)(A1)(ft) 

Note: (M1) for multiplying calculated value from (a) by 240. 

Interest paid is 301118.40 – 150000 = $151118.40 (A1)(ft) (C3) 

Note: The final (A1) is for 150000 correctly subtracted from 
their value. 

[6] 
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47. Unit penalty (UP) is applicable where indicated. 

See instructions at the end if radians are used. 

(a) π × 3.252 × 39 (M1)(A1) 

(= 1294.1398) 

Answer 1294.14 (cm3)(2dp) (A1)(ft)(G2) 3 

Notes: (UP) not applicable in this part due to wording of 
question. (M1) is for substituting appropriate numbers from the 
problem into the correct formula, even if the units are mixed up. 
(A1) is for correct substitutions or correct answer with more 
than 2dp in cubic centimetres seen. 

Award (G1) for answer to > 2dp with no working and no 
attempt to correct to 2dp. 

Award (M1)(A0)(A1)(ft) for π × 32.52 × 39 cm3 (= 
129413.9824) = 129413.98 

Use of 
7
22

=π  or 3.142 etc is premature rounding and is 

awarded at most (M1)(A1)(A0) or (M1)(A0)(A1)(ft) depending 
on whether the intermediate value is seen or not. For all other 
incorrect substitutions, award (M1)(A0) and only follow 
through the 2 dp correction if the intermediate answer to more 
decimal places is seen. 

Answer given as a multiple of π is awarded at most 
(M1)(A1)(A0). 

As usual, an unsubstituted formula followed by correct answer 
only receives the G marks. 

  

(b) 39/6.5 = 6 (A1) 1 
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UP (c) (i) Volume of one ball is 33 cm25.3
3
4

×π  (M1) 

Volume of air = π × 3.252 × 39 – 6 × π
3
4  × 3.253 = 431cm3 (M1)(A1)(ft) (G2) 

Notes: Award first (M1) for substituted volume of sphere 
formula or for numerical value of sphere volume seen 
(143.79… or 45.77… × π). 

Award second (M1) for subtracting candidate’s sphere volume 
multiplied by their answer to (b). 

Follow through from parts (a) and (b) only, but negative or 
zero answer is always awarded (A0)(ft) 

UP (ii) 0.000431m3 or 4.31 × 10–4 m3 (A1)(ft) 4 
[8] 

 

  

48. (a) common difference = 3 (may be implied) (A1) 
u11 = 31 (A1)(G2) 

  

(b) (i) 
2
100

(3 × 100 – 1) OR 
2

)3992(100 ×+
 (M1) 

14950 (A1)(G2) 

  

(ii) (a) 
2
n

(3n – 1) = 477 OR 
2
n

(2 + 3(n – 1)) = 477 (M1) 

3n2 – n = 954 (M1) 
3n2 – n – 954 = 0 (AG) 
Notes: Award second (M1) for correct removal of denominator 
or brackets and no further incorrect working seen. 
Award at most (M1)(M0) if last line not seen. 

  

(b) 18 (G2) 
Note: If both solutions to the quadratic equation are seen and 
the correct value is not identified as the required answer, award 
(G1)(G0). 

[8] 

 

  

49. (a) u1 = 135 + 7(1) (M1) 
     = 142 (A1)(G2) 
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(b) u2 = 135 + 7(2) = 149 (M1) 
d = 149 – 142 OR alternatives (M1)(ft) 
d = 7 (AG) 

  

(c) Sn = 
2

)]1(7)142(2[ −+ nn
 (M1)(ft) 

Note: Award (M1) for correct substitution in correct formula. 

 = 
2

]7277[ nn +
 OR equivalent (A1) 

= 
2
277

2
7 2 nn

+  (= 3.5n2 + 138.5n) (A1)(G3) 

  

(d) 20r3 = 67.5 (M1) 
r3 = 3.375 OR r = 3 375.3  (A1) 
r = 1.5 (AG) 

  

(e) T7 = 
)15.1(
)15.1(20 7

−

−
 (M1) 

Note: Award (M1) for correct substitution in correct formula. 

 = 643 (accept 643.4375) (A1)(G2) 

  

(f) 
2
277

2
7

)15.1(
)15.1(20 2 nnn

+>
−

−
 (M1) 

Note: Award (M1) for an attempt using lists or for relevant 
graph. 

 n = 10 (A1)(ft)(G2) 
Note: Follow through from their (c). 

[13] 

 

  

50. (a) 22 × p + 2q – 4 = –10 (M1) 
Note: Award (M1) for correct substitution in the equation. 

 4p + 2q = –6 or 2p + q = –3 (A1) 
Note: Accept equivalent simplified forms. 
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(b) (i) 
x
y
d
d

 = 2px + q (A1)(A1) 

Note: Award (A1) for each correct term. 
Award at most (A1)(A0) if any extra terms seen. 

  

(ii) 4p + q = 1 (A1)(ft) 

  

(c) 4p + 2q = –6 
4p + q = 1 (M1) 

Note: Award (M1) for sensible attempt to solve the equations. 

 p = 2, q = –7 (A1)(A1)(ft)(G3) 
[8] 

 

  

51. (a) (3x – 2)(x + 5) (A1)(A1) 

  

(b) (3x – 2)(x + 5) = 0 

x = 
3
2  or x = –5 (A1)(ft)(A1)(ft)(G2) 

  

(c) x = ( )17.2
6
13

−
−

 (A1)(A1)(ft)(G2) 

Note: (A1) is for x =, (A1) for value. (ft) if  
value is half way between roots in (b). 

  

(d) Minimum y = 3 10
6
1313

6
13 2

−⎟
⎠

⎞
⎜
⎝

⎛ −
+⎟

⎠

⎞
⎜
⎝

⎛ −  (M1) 

Note: (M1) for substituting their value of x from 
(c) into f(x) 

= −24.1 (A1)(ft)(G2) 
[8] 
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52. (a) 

 
(A1) for rectangle and three intersecting circles 
(A1) for 10, (A1) for 8, 13 and 9, (A1) for 12, 15 and 17 (A4) 

  

(b) 100 – (9 + 12 + 13 + 15 + 10 + 17 + 8) = 16 (M1)(A1)(ft)(G2) 
Note: Follow through from their diagram. 

  

(c) 
100
51

 (0.51) (A1)(ft) 

= 51% (A1)(ft)(G2) 
Note: Follow through from their diagram. 

  

(d) Note: The following statements are correct. Please note that the 
connectives are important. It is not the same (had cereal) and 
(not bread) and (had cereal) or (not bread). The parentheses 
are not needed but are there to facilitate the understanding 
of the propositions. 

 (had cereal) and (did not have bread) 
(had cereal only) or (had cereal and fruit only) 
(had either cereal or (fruit and cereal)) and (did not have bread) (A1)(A1) 

Notes: If the statements are correct but the connectives are 
wrong then award at most (A1)(A0). 
For the statement (had only cereal) and (cereal and fruit) 
award (A1)(A0). 
For the statement had cereal and fruit award (A0)(A0). 
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(e) 
100
54

 (0.54, 54 %) (A1)(ft)(A1)(ft)(G2) 

Note: Award (A1)(ft) for numerator, follow through from their 
diagram, (A1)(ft) for denominator. Follow through from total 
or denominator used in part (c). 

  

(f) 
110
1

99
9

100
10

=×  (0.00909, 0.909%) (A1)(ft)(M1)(A1)(ft)(G2) 

Notes: Award (A1)(ft) for their correct fractions, (M1) for 
multiplying two fractions, (A1)(ft) for their correct answer. 
Answer 0.009 with no working receives no marks. 
Follow through from denominator in parts (c) and (e) and from 
their diagram. 

[15] 

 

  

53. (a) 3 (A1) 

  

(b) For 5, 4, 7 (0) seen with no extra values (A1) 
16 (A1)(G2) 

  

(c) They like (both) the Salseros (S) and they like the Bluers (B) (A1)(A1) 
Note: Award (A1) for “and”, (A1) for the correct groups. 

  

(d) SBR ʹ′∩∩  (A1)(A1) 
Note: Award (A1) for R ∩  B, (A1) for ∩  S′ 

  

(e) (i) 21 + 3x = 33 (M1) 
x = 4 (A1)(G2) 

  

(ii) 17 (A1)(ft) 
[10] 

 

  

54. (a) p ∧  q (A1)(A1) 
Note: Award (A1) for ∧ , (A1) for both statements in the correct 
order. 
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(b) If it is not snowing and the roads are open 
(then) we will go skiing. (A1)(A1)(A1) 

Note: Award (A1) for “if…(then)”, (A1) for “not snowing and 
the roads are open”, (A1) for “we will go skiing”. 

  

(c) 
p q r ¬p ¬p ∧  q (¬p ∧  q) ⇒  r 

T T T F F T 

T T F F F T 

T F T F F T 

T F F F F T 

F T T T T T 

F T F T T F 

F F T T F T 

F F F T F T 

  (A1)(A1)(ft)(A1)(ft) 
Note: Award (A1) for each correct column. 

[15] 

 

  

55. (a) (i) q ⇒ p (A1)(A1) 

(ii) ¬ p ⇒ ¬q (A1)(A1) 4 
Note: In both (i) and (ii) award (A1) for both correct statements 
and an implication sign present then (A1) for implication in the 
correct direction (can be to left or to right as long as statements 
are positioned correctly relative to the implication). In (ii), if 
the connective is the same incorrect connective as used in (i) 
but both the negations are present, then award (A1)(A0). 
Note also that a candidate with exceptional knowledge might 
write p ∨ ¬q for (i) and ¬q ∨ p for (ii). These are both logically 
equivalent to the answers and should be marked correct, 
however, any variations of these follow the scheme described 
before. 
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(b) If I walk to school then the sun is shining. (A1)(A1) 2 
Note: Award (A1) for ‘if I (will) walk to school’ and (A1) for 
both statements in the correct order. ‘Then’ can be omitted. As 
in part (i) there is a logically equivalent version ‘I do not walk 
to school or the sun is shining’ which should be marked correct 
if seen. 

[6] 

 

  

56. (a) (i) a = 0 ⎟
⎠

⎞
⎜
⎝

⎛
4
0

 (A1) 

  

(ii) b = 
4
3

 (0.75, 75%) (A2)(G2) 

  

(iii) 
4
3

5
4
×  (M1)(A1) 

⎟
⎠

⎞
⎜
⎝

⎛ %60,6.0,
5
3

20
12  (A1)(ft)(G2) 

Note: Award (M1) for multiplying two probabilities, (A1) for 
using their probabilities, (A1) for answer. 

  

(b) 

 (A1)(A1)(A1) 
Note: Award (A1) for each pair. 
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(c) (i) 
5
1

2
1

10
3

2
1

×+×  (M1)(M1) 

= ⎟
⎠

⎞
⎜
⎝

⎛ %25,25.0,
4
1

20
5  (A1)(ft)(G2) 

Note: Award (M1) for two products seen with numbers from the 
problem, (M1) for adding two products. Follow through from 
their tree diagram. 

  

(ii) 

4
1
10
3

2
1
×

 (M1)(A1) 

= 
5
3

 (0.6, 60%) (A1)(ft)(G2) 

Note: Award (M1) for substituted conditional probability 
formula, (A1) for correct substitution. Follow through from 
their part (b) and part (c) (i). 

[15] 

 

  

57. (a) 

 (A3) 
Note: Award (A1) for each correct pair. 

  

(b) 0.7 × 0.88 = 0.616 ⎟
⎠

⎞
⎜
⎝

⎛ %6.61,
125
77  (M1)(A1)(ft)(G2) 

Note: Award (M1) for multiplying the correct probabilities. 
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(c) 0.3 × 0.25 + 0.7 × 0.88 (M1)(M1) 
Notes: Award (M1) for a relevant two-factor product, could be 
S × NP OR L × NP. 
Award (M1) for summing 2 two-factor products. 

 P = 0.691 ⎟
⎠

⎞
⎜
⎝

⎛ %1.69,
1000
691  (A1)(ft)(G2) 

Notes: (ft) from their answer to (b). 

  

(d) 
691.0
616.0

 (M1)(A1) 

Note: Award (M1) for substituted conditional probability 
formula, (A1) for correct substitution. 

 P = 0.891 ⎟
⎠

⎞
⎜
⎝

⎛ %1.89,
691
616  (A1)(ft)(G2) 

[11] 

 

  

58. (a) x = 0 (A1)(A1) 
Note: Award (A1) for x = constant, (A1) for 0. 

  

(b) f′(x) = 1.5 – 
2

6
x

 (A1)(A1)(A1) 

Notes: Award (A1) for 1.5, (A1) for –6, (A1) for x–2 
Award (A1)(A1)(A0) at most if any other term present. 

  

(c) 1.5 – 
2)1(

6
−

 (M1) 

= –4.5 (A1)(ft)(G2) 
Note: Follow through from their derivative function. 

  

(d) Decreasing, the derivative (gradient or slope) is negative (at x = –1)(A1)(R1)(ft) 
Notes: Do not award (A1)(R0). 
Follow through from their answer to part (c). 
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(e) 

 (A4) 
Notes: Award (A1) for labels and some indication of scales and 
an appropriate window. Award (A1) for correct shape of the 
two unconnected, and smooth branches. 
Award (A1) for the maximum and minimum points in the 
approximately correct positions. Award (A1) for correct 
asymptotic behaviour at x = 0. 
Notes: Please be rigorous. 
The axes need not be drawn with a ruler. 
The branches must be smooth and single continuous lines that 
do not deviate from their proper direction. 
The max and min points must be symmetrical about point (0, 4). 
The y-axis must be an asymptote for both branches. 

  

(f) (i) (–2, – 2) or x = –2, y = –2 (G1)(G1) 

  

(ii) (2, 10) or x = 2, y = 10 (G1)(G1) 

  

(g) {–2 ≥ y} or {y ≥ 10} (A1)(A1)(ft)(A1) 
Notes: (A1)(ft) for y > 10 or y ≥ 10 
(A1)(ft) for y < –2 or y ≤ –2 
(A1) for weak (non-strict) inequalities used in both of the 
above. 
Follow through from their (e) and (f). 

[20] 
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59. (a) 30 (A1) 

  

(b) f′(x) = 3x2 – 6x – 24 (A1)(A1)(A1) 
Note: Award (A1) for each term. Award at most (A1)(A1) if 
extra terms present. 

  

(c) f′(1) = –27 (M1)(A1)(ft)(G2) 
Note: Award (M1) for substituting x = 1 into their derivative. 

  

(d) (i) f′(x) = 0 
3x2 – 6x – 24 = 0 (M1) 
x = 4; x = –2  (A1)(ft)(A1)(ft) 

Notes: Award (M1) for either f′(x) = 0 or 3x2 – 6x – 24 = 0 seen. 
Follow through from their derivative. 
Do not award the two answer marks if derivative not used. 

  

(ii) M(–2, 58) accept x = –2, y = 58 (A1)(ft) 
N(4, –50) accept x = 4, y = –50 (A1)(ft) 

Note: Follow through from their answer to part (d) (i). 

  

(e) 

 
(A1) for window 
(A1) for a smooth curve with the correct shape 
(A1) for axes intercepts in approximately the correct positions 
(A1) for M and N marked on diagram and in approximately 
correct position (A4) 

Note: If window is not indicated award at most 
(A0)(A1)(A0)(A1)(ft). 

  

(f) (i) 3x2 – 6x – 24 = 21 (M1) 
3x2 – 6x – 45 = 0 (M1) 
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x = 5; x = –3 (A1)(ft)(A1)(ft)(G3) 
Note: Follow through from their derivative. 

 OR 

 Award (A1) for L1 drawn tangent to the graph of f on their (A1)(ft) 
sketch in approximately the correct position (x = –3), 
(A1) for a second tangent parallel to their L1, (A1)(ft) 
(A1) for x = –3, (A1) for x = 5. (A1)(A1) 

Note: If only x = –3 is shown without working award (G2). 
If both answers are shown irrespective of working award (G3). 

  

(ii) f(5) = –40 (M1)(A1)(ft)(G2) 
Notes: Award (M1) for attempting to find the image of their 
x = 5. Award (A1) only for (5, – 40). 
Follow through from their x-coordinate of B only if it has been 
clearly identified in (f) (i). 

[21] 

 

  

60. (a) 

 (A1)(A1)(A1) 
Note: Award (A1) for correct domain, (A1) for smooth curve, 
(A1) for y-intercept clearly indicated. 

  

(b) y = 0 (A1)(A1) 
Note: Award (A1) for y = constant, (A1) for 0. 
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(c) Note: Award (A1) for smooth parabola, 
(A1) for vertex (maximum) in correct quadrant. 
(A1) for all clearly indicated intercepts x = –1, x = 3 and y = 3. 
The final mark is to be applied very strictly. (A1)(A1)(A1) 

  

(d) x = –0.857   x = 1.77 (G1)(G1) 
Note: Award a maximum of (G1) if x and y coordinates are 
both given. 

  

(e) 4 (G1) 
Note: Award (G0) for (1, 4). 

  

(f) f′(x) = 2 – 2x (A1)(A1) 
Note: Award (A1) for each correct term. 
Award at most (A1)(A0) if any extra terms seen. 

 2 – 2x = 0 (M1) 
Note: Award (M1) for equating their gradient function to zero. 

 x = 1 (A1)(ft) 
f(1) = 3 + 2(1) – (1)2 = 4 (A1) 

Note: The final (A1) is for substitution of x = 1 into f(x) and 
subsequent correct answer. Working must be seen for final (A1) 
to be awarded. 

[16] 

 

  

61. (a) 35 (A1) 

  

(b) 5 (A1) 

  

(c) 
2
)535( −

 (M1) 

= 15 (A1)(G2) 

  

(d) A = 15   C = 20 (A1)(ft)(A1) 

  

(e) (i) 4 (A1) 
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(ii) b = 
4
360

 (M1) 

 = 90 (A1)(ft)(G2) 
Note: Follow through from their answer to (e)(i). 

  

(f) 30 = 20 + 15cos(90t). (M1) 
Note: Award (M1) for substitution into equation. Do not 
penalise if x is used as variable. 
Or (M1) for sketch with intersection shown. 

 t = 0.535 (A2)(ft)(G3) 
Note: Do not split (A2) 

  

(g) 
4
60

 (M1) 

= 15 (A1)(ft)(G2) 
Note: Follow through from their answer to (e)(i). 

[14] 

 

  

62. (a) (i) A(0, 4) Accept x = 0, y = 4 (A1) 

  

(ii) B(8, 0) Accept x = 8, y = 0 (A1)(ft) 
Note: Award (A0) if coordinates are reversed in (i) and (A1)(ft) 
in (ii). 

  

(b) AB = 8048 22 =+  (M1) 

 AB = 8.944 (A1) 

 = 8.94 (AG) 
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(c) (i) y = –0.5x + 4 (M1) 
Gradient AB = –0.5 (A1) 

Note: Award (A2) if –0.5 seen. 

 OR 

 Gradient AB = 
)08(
)40(

−

−
 (M1) 

                     = 
2
1

−  (A1) 

Note: Award (M1) for correct substitution in the gradient 
formula. Follow through from their answers to part (a). 

 Gradient CN = 2 (A1)(ft)(G2) 
Note: Special case: Follow through for gradient CN from their 
gradient AB. 

  

(ii) CN: y = 2x + c 
7 = 2(4) + c (M1) 

Note: Award (M1) for correct substitution in equation of a line. 

 y = 2x – 1 (A1)(ft)(G2) 
Note: Accept alternative forms for the equation of a line 
including y – 7 = 2(x – 4). Follow through from their gradient 
in (i). 
Note: If c = –1 seen but final answer is not given, award 
(A1)(d). 

  

(d) x + 2(2x – l) = 8 or equivalent (M1) 
N(2, 3) (x = 2, y = 3) (A1)(A1)(ft)(G3) 

Note: Award (M1) for attempt to solve simultaneous equations 
or a sketch of the two lines with an indication of the point of 
intersection. 

  

(e) Cosine rule: 
06.852
944.806.85B)ĈAcos(

222

××
−+

=  (M1)(A1) 

Note: Award (M1) for use of cosine rule with numbers from the 
problem substituted, (A1) for correct substitution. 

 BĈA  = 82.9° (A1)(G2) 
Note: If alternative right-angled trigonometry method used 
award (M1) for use of trig ratio in both triangles, (A1) for 
correct substitution of their values in each ratio, (A1) for 
answer. 
Note: Accept 82.8° with use of 8.94. 
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(f) Area ACB = 
2

)9.82sin(06.85×
 (M1)(A1)(ft) 

Note: Award (M1) for substituted area formula, (A1) for 
correct substitution. Follow through from their angle in part 
(e). 

 OR 

 Area ACB = 
2

)37()24(94.8
2
CNAB 22 −+−×

=
×  (M1)(M1)(ft) 

Note: Award (M1) substituted area formula with their values, 
(M1) for substituted distance formula. Follow through from 
coordinates of N. 

 Area ACB = 20.0 (A1)(ft)(G2) 
Note: Accept 20 

[18] 

 

  

63. Unit Penalty applies in this question in parts (e) and (f) 

(a) (i) 22.5 (m) (A1) 

  

(ii) 

 (A1) 

  

(b) h = 22.5 sin 53.1° (M1) 
= 17.99 (A1) 
= 18.0 (AG) 

Note: Unrounded answer must be seen for (A1) to be awarded. 
Accept 18 as (AG). 
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(c) AC = 22 ...99.175.222 −  (M1)(M1) 
Note: Award (M1) for multiplying by 2, (M1) for correct 
substitution into formula. 

 OR 

 AC = 2(22.5) cos 53.1° (M1)(M1) 
Notes: Award (M1) for correct use of cosine trig ratio, (M1) for 
multiplying by 2. 

 OR 

 AC2 = 22.52 + 22.52 – 2(22.5)(22.5) cos 73.8° (M1)(A1) 
Note: Award (M1) for substituted cosine formula, (A1) for 
correct substitutions. 

 OR 

 
)sin(53.1

5.22
)sin(73.8

AC
°

=
°

 (M1)(A1) 

Note: Award (M1) for substituted sine formula, (A1) for correct 
substitutions. 

 AC = 27.0 (A1)(G2) 

  

(d) BC = 22 5.135.13 +  (M1) 
= 19.09 (A1) 
= 19.1 (AG) 

 OR 

 x2 + x2 = 272 (M1) 
2x2 = 272 (A1) 
BC = 19.09… (A1) 
= 19.1 (AG) 

Notes: Unrounded answer must be seen for (A1) to be awarded. 

  

(e) Volume = Pyramid + Cuboid 

= 
3
1

(18)(19.12) + (108)(19.12) (A1)(M1)(M1) 

Note: Award (A1) for 108, the height of the cuboid seen. Award 
(M1) for correctly substituted volume of cuboid and (M1) for 
correctly substituted volume of pyramid. 

 = 41588           (41 553 if 2(13.52) is used) 

UP  = 41600 m3 (A1)(ft)(G3) 
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(f) Weight of air = 41600 × 1.2 × 0.9 (M1)(M1) 

UP  = 44 900 kg (A1)(ft)(G2) 
Note: Award (M1) for their part (e) × 1.2, (M1) for × 0.9 
Award at most (M1)(M1)(A0) if the volume of the cuboid is 
used. 

[16] 

 

  

64. Unit penalty (UP) applies in parts (a)(i), (ii) and (e)(i) 

UP (a) (i) median = 13 seconds (A1) 

  

UP  (ii) 16 seconds and 10 seconds (A1)(A1) 
Note: Accept 16.1 or 16.2 for the upper quartile value. 

  

(iii) IQR = 6 seconds (A1)(ft) 
Note: (ft) from reasonable answers to (ii). 

  

(b) value seen 650 (A1) 
2000 – value = 2000 – 650 (M1) 
= 1350 (A1)(G2) 

  

(c) 55 % of 2000 = 1100 (A1) 
p = 13.5 (A1)(G2) 

  

(d) (i) a = 500 (A1) 

  

(ii) b = 150 (A1) 

  

UP (e) (i) t  = 13.25 seconds (13.3 seconds) (G2) 
OR 

2000
their 5.22their 5.178505.125005.7 bat ×+×+×+×

=  (M1) 

UP   t  = 13.25 seconds (13.3 seconds) (A1)(ft) 
Note: Award (ft) from their a and their b only if working is 
seen. 

  

(ii) σ = 4.41 seconds (G1) 
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(f) t  – σ = 8.84 (A1)(ft) 
Their t  – σ compared to 9.5 (R1) 
Pedro does not receive the bonus (A1)(ft) 

Note: Do not award (R0)(A1). 
[17] 

 

  

65. (a) (i) c = 97 (A1) 1 

  

(ii) (not drawn to scale) 

Weights of fish

cu
m

ul
at

iv
e 

fr
eq

ue
nc

y

140

120

100

80

60

40

20

0
0.5 0.7 0.9 1.1 1.3 1.5

weight (kg)  (A4) 4 
Note: Award (A1) for correct scales and axes labelled, (A2) for 
5 correct points, (A1) for 3 to 4 correct, (A1) for the curve. 

  

(iii) median is 0.95 kg line drawn correctly on diagram (M1)(AG) 1 

  

(b) (i) 90th percentile ... 130 × 0.9 = 117 (M1) 
The zoo buys 13 fish (±2). (A1) or (G2) 2 

(ii) First quartile = 32/33 fish. (M1) 
Maximum weight = 0.79 kg (±0.03). (M1)(A1) 3 

  

(c) (i) maximum : 0.95 × 1.10 = 1.045 kg (1.05 to 3 s.f.) (A1) 
minimum : 0.95 × 0.90 = 0.855 kg (A1) 2 

(ii) number of fish bought by restaurant = 88 – 46 = 42(±4) (M1)(M1)(A1) 3 
[16] 
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66. (a) 

 (A1)(A3) 
Notes: Award (A1) for scales and labels (accept x/y). 
Award (A3) for all points correct. 
Award (A2) for 7 or 8 points correct. 
Award (A1) for 5 or 6 points correct. 
Award at most (A1)(A2) if points are joined up. 
If axes are reversed award at most (A0)(A3)(ft). 

  

(b) Negative (A1) 

  

(c) (i) 17 (G1) 

  

(ii) 23 (G1) 

  

(d) Point correctly placed and labelled M (A1)(ft)(A1) 
Note: Accept an error of ±0.5. 

  

(e) y = –0.708x + 35.0 (G1)(G1) 
Note: Award at most (G1)(G0) if y = not seen. Accept 35. 
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(f) Regression line drawn that passes through M and (0, 35) (A1)(ft)(A1)(ft) 
Note: Award (A1) for straight line that passes through M, (A1) 
for line (extrapolated if necessary) that passes through (0, 35) 
(accept error of ±1). 
If ruler not used, award a maximum of (A1)(A0). 

  

(g) y = –0.708(30) + 35.0 (M1) 
= 14 (Accept 13) (A1)(ft)(G2) 

 OR 

 Using graph: (M1) for some indication on graph of point, (A1)(ft) (M1) 
for answers. Final answer must be consistent with their graph. (A1)(ft)(G2) 

Note: The final answer must be an integer. 
[15] 

 

  

67. (a) H0 : Choice of language is independent of gender. (A1) 
Notes: Do not accept “not related” or “not correlated”. 

  

(b) 2 (A1) 

  

(c) 
150
6950×

 = 23 (M1)(A1)(G2) 

Notes: Award (M1) for correct substituted formula, (A1) for 23. 

  

(d) χ2 = 4.77 (G2) 
Notes: If answer is incorrect, award (M1) for correct 
substitution in the correct formula (all terms). 

  

(e) Accept H0 since 
22
critcalc χχ <  (5.99) or p-value (0.0923) > 0.05 (R1)(A1)(ft) 

Notes: Do not award (R0)(A1). 
Follow through from their (d) and (b). 

[8] 
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68. Financial penalty (FP) applies in part (b) 

(a) 1650 = 
100

230000 ×× r
 or equivalent (A1)(M1) 

Note: Award (A1) for 1650 or equivalent seen, (M1) for correct 
substitution into simple interest formula (right-hand side). 

 r = 2.75 % (A1)(G2) 

  

(b) Amount = 30000
2

100
5.21 ⎟
⎠

⎞
⎜
⎝

⎛
+  (M1)(A1) 

Note: Award (M1) for substitution into compound interest 
formula, (A1) for correct substitution. 

FP  31518.75 AUD (A1)(G2) 

 OR 

 I = 30000
2

100
5.21 ⎟
⎠

⎞
⎜
⎝

⎛
+  – 30000 (M1)(A1) 

Note: Award (M1) for substitution into compound interest 
formula, (A1) for correct substitution. 

FP  31518.75 AUD (A1)(G2) 
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(c) Rebecca’s amount = 30000
n

⎟
⎠

⎞
⎜
⎝

⎛
+
100
5.21  

Daniel’s amount = 30000 + 
100

75.230000 n××
 (M1)(A1)(ft) 

Note: Award (M1) for substitution in the correct formula for the 
two amounts, (A1) for correct substitution. Follow through from 
their expressions used in part (a) and /or part (b). 

 OR 

 2 lists of values seen (at least 2 terms per list) (M1) 
lists of values including at least the terms with n = 8 and n = 9 (A1)(ft) 
For n = 8  CI 36552.09  SI = 36600 
For n = 9  CI 37465.89  SI = 37425 

Note: Follow through from their expressions used in part (a) 
or/and (b). 

 OR 

 Sketch showing 2 graphs, one exponential and the other straight line (M1) 
point of intersection identified (M1) 

Note: Follow through from their expressions used in part (a) 
or/and (b). 

 n = 9 (A1)(ft)(G2) 
Note: Answer 8.57 without working is awarded (G1). 
Note: Accept comparison of interests instead of the total 
amounts in the two accounts. 

  

(d) (i) 0.80 × 31650 = 25320 (M1)(A1)(G2) 
Note: Award (M1) for correct use of percentages. 
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(ii) 25320
n4

1004
31 ⎟

⎠

⎞
⎜
⎝

⎛
×

+  > 30000 (M1)(M1)(ft) 

Notes: Award (M1) for correct left-hand side of the inequality, 
(M1) for comparison to 30000. Accept equation. 
Follow through from their answer to part (d) (i). 

 OR 

 List of values from their 25320
n4

1004
31 ⎟

⎠

⎞
⎜
⎝

⎛
×

+  seen (at least 2 terms)(M1) 

Their correct values for n = 5 (29401.18) and n = 6 (30293) seen(A1)(ft) 
Note: Follow through from their answer to (d) (i). 

 OR 

 Sketch showing 2 graphs – an exponential and a horizontal line (M1) 
Point of intersection identified or vertical line drawn (M1) 

Note: Follow through from their answer to (d) (i). 

 n = 6 (A1)(ft)(G2) 
Note: Award (G1) for answer 5.67 with no working. 

[14] 

 
 


