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Marks allocated are indicated by a number in square brackets, for example, [1] indicates that the line is 
worth one mark. 

Question 1a 

݂′ሺݔሻ ൌ 3 cosሺ3ݔሻ ݁sin	ሺ3ݔሻ [2] 

Question 1b 

݂′ሺݔሻ ൌ 2 cosሺ2ݔሻ ݔ3݁ ൅ 3 sinሺ2ݔሻ  [1] ݔ3݁

݂′ ቀ
ߨ

2
ቁ ൌ 	െ5݁ሺ

ߨ3
2
ሻ [1] 

Question 2a 

׬
1

ݔ
ݔ݀ ൌ log௘|ݔ| ൅ 	ܿ [1] 

log݁ 3 ൅ 	ܿ ൌ 10 

ܿ ൌ 10 െ log௘ 3 

Therefore the antiderivative is log௘ ቀ
௫

ଷ
ቁ ൅ 10 [1] 

Question 2b 

׬ ݔ2݀ݔ3 ൌ ሾ3ݔሿ ܿ
1

ܿ

1
ൌ ܿ3 െ 1 [1] 

ܿ3 െ 	1 ൐ 2 

ܿ3 ൐ 3 

ܿ ൐ √3
య  [1] 

Question 3a 
݂െ1ሺݔሻ is formed by swapping ݔ and ݕ [1 mark for statement or use of this fact] 

ݔ ൌ log௘
ሺ௬ିଷሻ

ଶ
൅ 	5 [1] 

ݕ ൌ 	2݁ሺ௫ିହሻ ൅ 	3 ൌ ݂ିଵሺݔሻ [1] 

Question 3b 

݃൫݂ሺݔሻ൯ ൌ 2݁ቀ୪୭୥೐
ሺೣషయሻ
మ

ା	ହିହቁ ൅ 	3 [1] 

ൌ 2݁ቀ୪୭୥೐ቀ
௫ିଷ
ଶ ቁቁ ൅ 3 

ൌ 2 ∗
ݔ െ 3
2

൅ 3 

ൌ  [1] ݔ

Question 4 

First deduce that the transformations necessary are ሺݔ, ሻݕ → ሺ
ݔ

2
െ

ߨ

4
,  ሻ [2]ݕߨ

Now we have ቈ
௫

ଶ
െ

గ

ସ
ݕߨ

቉ ൌ ۯ ቂ
ݔ
ቃݕ ൅  ࢈	
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Hence ۯ ቂ
ݔ
ቃݕ ൌ ቈ

௫

ଶ
െ

గ

ସ
ݕߨ	

቉ െ ࢈ and so ࢈	 ൌ ቈെ
గ

ସ
0
቉ [1] 

Then ۯ ቂ
ݔ
ቃݕ ൌ 	 ቈ

௫

ଶ
ݕߨ	

቉ and so ࡭ ൌ	 ቈ
ଵ

ଶ
0

0 ߨ
቉ [1] 

Question 5 

ݔ3 ൅ ߨ3 ൌ tanିଵ ቀ
ଵ

√ଷ
ቁ ൅ ݊ where ,ߨ݊ ∈ Ժ [1] 

ݔ3 ൅ ߨ3 ൌ
ߨ
6
൅  ߨ݊

ݔ ൅ ߨ ൌ
ሺ1 ൅ 6݊ሻߨ

18
 

ݔ ൌ
ሺ଺௡ିଵ଻ሻగ

ଵ଼
 [1] 

ݔ ൌ െ
ଵ଻గ

ଵ଼
, െ

ଵଵగ

ଵ଼
, െ

ହగ

ଵ଼
,
గ

ଵ଼
,
଻గ

ଵ଼
,
ଵଷగ

ଵ଼
 [1] 

Question 6a 
Let ߤ′ be the mean of ܽܺ, and ߪ′ be the standard deviation of ܽܺ 

ᇱߤ ൌ ܽߤ ൌ 27.2ܽ by the properties of the normal distribution. 

Varሺܽܺሻ ൌ ܽଶ Varሺܺሻ ൌ ܽଶ ൈ 27.2ଶ ൌ ሺߪᇱሻଶ 

∴ ᇱߪ ൌ 27.2ܽ [1 for giving the correct expressions for the mean and standard deviation for ܽܺ] 

As Prሺܽܺ ൒ 108.8ሻ ൌ 0.025, 108.8 must be 2 standard deviations away from the mean. [1] 

Therefore, ଵ଴଼.଼ିఓ
ᇲ

ఙᇲ
ൌ 2 

108.8 െ 27.2ܽ
27.2ܽ

ൌ 2 

108 െ 27.2ܽ ൌ 54.4ܽ 

108.8 ൌ 81.6ܽ 

ܽ ൌ
ଵ଴଼.଼

଼ଵ.଺
ൌ

ସ

ଷ
 [1] 

Question 6b 
଴ିଶ଻.ଶ

ଶ଻.ଶ
ൌ

௕ିଶ଻.ଶ௔

ଶ଻.ଶ௔
 [1] 

െ27.2ܽ ൌ ܾ െ 27.2ܽ 

ܾ ൌ 0 [1] 

Question 7a 
݂ሺݔሻ ൒ 0 for all [1] ݔ 

න
1

ߠ
݁ቀ

െݔ
ߠ ቁ݀ݔ	

∞

0
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ൌ lim
௧→ஶ

ቂെ݁ቀ
ି௫
ఏ ቁቃ

଴

௧

 

ൌ lim
௧→ஶ

൬െ݁ቀ
ି௧
ఏ ቁ ൅ ݁0൰ 

ൌ 1 [1] 

Question 7b 

PrሺX ൑ θ	| X ൑ 3θሻ ൌ
׬

భ
ഇ
௘
ቀషೣഇ ቁ

ௗ௫	
ഇ
బ

׬
భ
ഇ
௘
ቀ
షೣ
ഇ ቁ

ௗ௫	
యഇ
బ

 [1] 

ൌ
ቈି௘

ቀ
షೣ
ഇ ቁ

቉
బ

ഇ

ቈି௘
ቀ
షೣ
ഇ ቁ

቉
బ

యഇ ൌ
ି௘షభାଵ

ି௘షయାଵ
 [1] 

Question 8a 
ሺܺሻܧ ൌ 0 [1] 

Question 8b 
ሺܺଶሻܧ ൌ 1.2 [1] 

Question 8c 

Varሺܺሻ ൌ ሺܺଶሻܧ െ ൫ܧሺܺሻ൯
ଶ
ൌ 1.2 െ 0 ൌ 1.2 

Varሺ2ܺሻ ൌ 4Varሺܺሻ ൌ 4.8 [1] 

Question 9a 

݂′ሺݔሻ ൌ  ݔ2

݂′ሺ3ሻ ൌ 6	 [1] 

Hence the tangent is given by: 

ݕ ൌ 6ሺݔ െ 3ሻ ൅ ݂ሺ3ሻ 

ݕ ൌ ݔ6 െ 18 ൅ 5 

ݕ ൌ ݔ6 െ 13 [1] 

Question 9b 
݂ሺ3.02ሻ ൌ ݂ሺ3 ൅ 0.02ሻ [1] 

݂ሺ3 ൅ 0.02ሻ ൎ ݂ሺ3ሻ ൅ 0.02݂ᇱሺ3ሻ 

ൌ 5 ൅ 0.02 ൈ 6 ൌ 5.12 [1] 

Question 10a 
݀ܵ

ݐ݀
ൌ

݀ܵ

ݎ݀

ݎ݀

ݐ݀
 [1] 

݀ܵ

ݎ݀
ൌ and	ݎߨ8

ݎ݀

ݐ݀
ൌ 3 ൈ 108 [1] 

݀ܵ

ݐ݀
ൌ ݎߨ8 ൈ 3 ൈ 108 ൌ ݎߨ24 ൈ 108 [1] 
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Question 10b 
݀ܵ

ݐ݀
ൌ

8

3
ݎߨ ൈ 108 ൌ 1019 [1] 

ݎ ൌ
ଵ଴భవ

ఴ
య
గൈଵ଴ఴ

ൌ
ଷ

଼గ
ൈ 10ଵଵ	m [2] 

Question 10c 

The ratio is given by 
ܵ൫1010൯

ܵ൫1012൯
 [1] 

ൌ
ሺ10ଵ଴ሻଶߨ4

ሺ10ଵଶሻଶߨ4
		 

ൌ
ଵ

ଵ଴ర
 [1] 


