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Section A – Multiple-choice questions 
Question 1 
The correct answer is C.  

Question 2 
The correct answer is D.  

Question 3 
The correct answer is A. 

Question 4 
The correct answer is B. 

Question 5 
The correct answer is C. 

Question 6 
The correct answer is A. 

Question 7 
The correct answer is A. 

Question 8 
The correct answer is D. 

Question 9 
The correct answer is D. 

Question 10 
The correct answer is B. 

Question 11 
The correct answer is D. 

Question 12 
The correct answer is E. 

Question 13 
The correct answer is E. 

Question 14 
The correct answer is C. 

Question 15 
The correct answer is B. 

Question 16 
The correct answer is E. 

Question 17 
The correct answer is B. 

Question 18 
The correct answer is A. 
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Question 19 
The correct answer is C. 

Question 20 
The correct answer is A. 

Question 21 
The correct answer is D. 

Question 22 
The correct answer is B. 
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Section B – Short-answer questions 
Marks allocated are indicated by a number in square brackets, for example, [1] indicates that the line is 
worth one mark. 

Question 1a 

 

Requires a sketched graph with: 

 Vertical asymptote at  ݔ ൌ െ
ଷ

ଶ
        [1 mark] 

 Correct shape including intercepts on the correct side of the origin   [1 mark] 

 y-intercept at ሺ0, ଵ
ଶ
lnሺ2ሻ െ 3ሻ and x-intercept at ሺ݁଺ െ 2,0ሻ   [1 mark] 

Question 1b i 
Domain: ሺെ2,∞ሻ, Range: ሺെ∞,∞ሻ   [1 mark] 

Question 1b ii 

݂ᇱሺݔሻ ൌ
ଵ

ଶሺ௫ାଶሻ
      [1 mark] 

Question 1c 

଴ݕ ൌ
1
2
ሺݔ ൅ 2ሻ െ 3 

Reflection in the y-axis ⇒ ଵݕ ൌ
ଵ

ଶ
ሺ2 െ ሻݔ െ 3     [1 mark] 

Dilation of factor 3 from the x-axis ⇒ ଶݕ ൌ
ଷ

ଶ
ሺ2 െ ሻݔ െ 9   [1 mark] 

Translation 2 units in the negative direction of the x-axis and 7 units in the positive direction of the y-axis 

⇒ ଷݕ ൌ
ଷ

ଶ
ሺെݔሻ െ 2       [1 mark] 

Therefore ⇒ ݃ሺݔሻ ൌ
ଷ

ଶ
ሺെݔሻ െ 2 

ݔ

 ݕ

ሺ0,
1
2
lnሺ2ሻ െ 3ሻ 

ሺ݁଺ െ 2,0ሻ

ݔ ൌ െ2 

ݕ ൌ ݂ሺݔሻ
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Question 1d i 
݄ᇱሺݔሻ ൌ 2 ൅ 4   

Therefore minimum occurs at 2ݔ ൅ 4 ൌ 0 ⇒ ݔ ൌ െ2      [1 mark] 

At ݔ ൌ െ2 we have ݕ ൌ ሺെ2ሻଶ ൅ 4ሺെ2ሻ ൅ ܿ ൌ െ4 ൅ ܿ 

For ݂ሺ݄ሺݔሻሻ to exist we need ܴܽ݊݃݁	݂݋	݄ሺݔሻ ⊆ ሻݔሺ݂	݂݋	݊݅ܽ݉݋ܦ ൌ ሺെ2,∞ሻ 

So we need min݄ሺݔሻ ൐ െ2 ⇒ െ4 ൅ ܿ ൐ െ2  [1 mark] 

So ܿ ൐ 2      [1 mark-do not get this mark if ≥ used] 

Question 1d ii 

݂൫݄ሺݔሻ൯ ൌ
ଵ

ଶ
lnሺݔଶ ൅ ݔ4 ൅ 5ሻ െ 3    [1 mark] 

Minima occurs at ݔ ൌ െ2, so ݂൫݄ሺെ2ሻ൯ ൌ ଵ

ଶ
lnሺ4 െ 8 ൅ 5ሻ െ 3 ൌ

ଵ

ଶ
lnሺ1ሻ െ 3 ൌ െ3 

Maxima is ∞ 

So range is ሾെ3,∞ሻ     [1 mark] 

Question 1d iii 
ܴܽ݊݃݁	݂ሺݔሻ ൌ ܴ and ݊݅ܽ݉݋ܦ	݄ሺݔሻ ൌ ܴ     

So ݄൫݂ሺݔሻ൯ exist as ܴܽ݊݃݁	݂ሺݔሻ ⊆  ሻ   [1 mark]ݔሺ݄	݊݅ܽ݉݋ܦ

Question 2 
This question demands a strong knowledge of calculator use, it is advised that all questions are done 
using a calculator and that the function is defined at the beginning of the question. Make sure you use 
exact values stored on calculator in all calculations and only round at the end. As there are multiple 
methods of solving these questions on the calculator full marks if the correct answer is stated to any 
numerical question. 

Question 2a i 

Solve ݄ሺݔሻ ൌ ݁
షሺలషೣሻమ

రబ ሺെ3ݔଷ ൅ ଶሻݔ36 ൌ 0 ⇒ ݔ ൌ 0, 12  

Therefore ܾ ൌ 12     [1 mark] 

Question 2a ii  

݄ᇱሺݔሻ ൌ 	
ଵ

ଶ଴
݁
షሺೣషలሻమ

రబ ሺ3ݔସ െ ଷݔ54 ൅ ଶݔ36 ൅  ሻ  [1 mark]ݔ1440

Question 2a iii  

Solve  ݄ᇱሺݔሻ ൌ 	 ଵ
ଶ଴
݁
షሺೣషలሻమ

రబ ሺ3ݔସ െ ଷݔ54 ൅ ଶݔ36 ൅ ሻݔ1440 ൌ 0   [1 mark] 

In our domain we get ݔ ൌ 0, 7.27 and so we have maximum at ݔ ൌ 7.27 

So ݄ሺ7.27ሻ ൌ 	720.34 so maximum height is 720.34m    [1 mark] 
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Question 2b i 
Maximum gradient occurs when ݄ᇱᇱሺݔሻ ൌ 0 (no need to write or find h’’(x))  [1 mark] 

This yields ݔ ൌ 4.32, 10.65	 but we want max which occurs at ݔ ൌ 4.32 

So maximum gradient is ݄ᇱሺ4.32ሻ =166.99 

So the gradient of h(x) exceeds 150m/km and so the catapults cannot be transported from town A to 
town B [1 mark] 

(Note: Showing that the gradient exceeds 150 at any point is sufficient to gain full marks on this question) 

Question 2bii 

ࢋࢍ࢔ࢇࢎࢉ	ࢌ࢕	ࢋ࢚ࢇ࢘	ࢋࢍࢇ࢘ࢋ࢜࡭ ൌ
ሺ૙ሻࢎሻିࢇሺࢎ

૙ିࢇ
ൌ ૚૙૙    [1 mark] 

Solving the above equation gives ܽ ൌ 	4.80, 7.20  

but we need first solution  ܽ ൌ 4.80     [1 mark] 

(This is because path to second point intersects first point and so passes through the mountain) 

Hence ݄ሺ4.80ሻ ൌ 479.89 

So coordinates are ሺ4.80, 479.89ሻ     [1 mark]	

Question 2c i  

Solve ݄ሺݔሻ ൌ ݁
షሺలషೣሻమ

రబ ሺെ3ݔଷ ൅ ଶሻݔ36 ൌ 600 [1 mark] 

This give ݔ ൌ 5.60, 8.88    [1 mark] 

Question 2c ii  

ܽ݁ݎܣ ൌ ׬	 ݄ሺݔሻ െ ݔ600݀
଼.଼଼
ହ.଺଴    [1 mark] 

Question 2d 
Solve ݄ሺݔሻ ൌ ݄ሺݔ ൅ 2ሻ to find position of tunnel length 2km [1 mark] 

Hence ݔ ൌ 6.26 

݄ሺ6.26ሻ ൌ 673.71 therefore minimum height is 673.71m  [1 mark] 

Question 3a i 

ܶ ൌ
										ܹ							ܤ

ቂ0.8 0.4
0.2 0.6

ቃ
௡௘௫௧ܤ
௡ܹ௘௫௧

 

Question 3a ii 
Pr ൌ 0.8 ൈ 0.8 ൈ 0.2 ൅ 0.8 ൈ 0.2 ൈ 0.4 ൅ 0.2 ൈ 0.4 ൈ 0.8 [1 mark] 

Pr ൌ 0.256 [1 mark] 

Question 3b i 

ܵସ ൌ ܶସ ൈ ܵ଴ ൌ ቂ0.8 0.4
0.2 0.6

ቃ
ସ
ቂ140
400

ቃ ൌ ቂ354.368
185.632

ቃ  [1 mark] 

Therefore the number of people shopping at Wendy’s Supermarket is 186 people. [1 mark] 
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Question 3b ii 

In long run number of people at Wendy’s = ଴.ଶ

଴.ସା଴.ଶ
ൈ 540 ൌ 180   [1 mark] 

Question 3c i 
From calculator Pr ൌ 	0.1798  [1 mark] 

Question 3c ii 
0.9 ൌ Prሺܺ ൐ 2ሻ ൌ 1 െ Prሺܺ ൏ 2ሻ 

0.9 ൌ 1 െ ቀ
݊
0ቁ݌

଴ሺ1 െ ሻ௡݌ െ ቀ
݊
1ቁ ݌

ଵሺ1 െ  ሻ௡ିଵ݌

0.9 ൌ 1 െ ሺ0.85ሻ௡ െ ݊ሺ0.15ሻሺ0.85ሻ௡ିଵ  [1 mark]-any of the last three steps 

This solves to give ݊ ൌ 24.45   [1 mark] 

So die must be rolled at least 25 times  [1 mark] 

Question 3c iii 

The mean is, ܧሺܺሻ ൌ ݌݊ ൌ 20 ൈ 0.15 ൌ 3    [1 mark] 

The variance is ܸܽݎሺܺሻ ൌ ሺ1݌݊ െ ሻ݌ ൌ 20 ൈ 0.15 ൈ 0.85 ൌ 2.55 [1 mark] 

Question 4a 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 correct shape including two periods [1 mark] 
 correct maxima at h(t)=13 and minima at h(t)=1 [1 mark] 
 everything else including correct position of both endpoints [1 mark] 

Question 4b i 
Period = 18  [1 mark] 

h(t) 

t

18 36 

1 

13 

7 
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Question 4b ii 
Max=13m and average=7m [1 mark] 

Question 4c i 

Solve ૚૚ ൌ ૠ െ ૟ܛܗ܋ ቀ
࢚࣊

ૢ
ቁ  [1 mark] 

To get ݐ ൌ 6.59,11.41,24.59,29.41 [1 mark] 

Question 4c ii 
Time above 11m is 2 ൈ ሺ11.41 െ 6.59ሻ ൌ 9.64 [1 mark] 

Therefore proportion is ଽ.଺ସ
ଷ଺

ൌ 0.27  [1 mark] 

Question 4d 

 dilation of ૛
૜
 from the y-axis     [1 mark] 

 dilation of ଷ
ଶ
 from the x-axis     [1 mark] 

 translation of ଵ
ଶ
 half a unit in the negative direction of the y-axis [1 mark] 

Question 4e i 

ܸ ൌ
1
3
 ଶ݄ݎߨ

݄ ൌ
ଷ௏

గ௥మ
ൌ

ଷൈହ଴଴

గൈଷ଺
ൌ

ଵଶହ

ଷగ
   [1 mark] 

Question 4e ii 

ܸ ൌ
ଵଶହ

ଷగ
െ  [mark 1] ݐ10

ܸ ൌ 0 ൌ
125
ߨ3

െ ݐ10 ⇒ ݐ10 ൌ
125
ߨ3

 

So all water is drained when ݐ ൌ ଶହ

଺గ
 [1 mark] 

Question 4e iii 
ௗ௏

ௗ௧
ൌ

ௗ௏

ௗ௛
ൈ

ௗ௛

ௗ௧
    [1 mark] 

ௗ௏

ௗ௛
ൌ

ଵ

ଷ
ଶݎߨ ൌ

ଵ

ଷ
ሺ3ሻଶߨ ൌ  [mark 1]  ߨ3

ܸ݀
ݐ݀

ൌ െ10 

ௗ௛

ௗ௧
ൌ

ௗ௏

ௗ௧
ൊ

ௗ௏

ௗ௛
ൌ

ିଵ଴

ଷగ
 [mark 1]  ݀݊݋ܿ݁ݏ/݉	

 


