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 3  
 

Total Marks – 120 
Attempt Questions 110 
All questions are of equal value 
 
Begin each question in a SEPARATE writing booklet. Extra writing booklets are available. 
 

 
Question 1 (12 marks) Use a SEPARATE writing booklet.  
 

(a) Write down the exact value of  
7

cos
6


.       2 

 
 
 
(b) Solve the inequality   3 2 9x   .        2 

 
 
 

(c) Write 
4

1 3
 in the form a b .        2 

 
 
 
(d) Solve simultaneously          3 
  2y x  
  2y x   
 
 
 

(e) Write  

2 2

1 1

1 1
a b

a b




 as a fully simplified fraction.      3 

 
 
 
 
 
  



 4  
 

Question 2 (12 marks) Use a SEPARATE writing booklet.  
 
(a) Differentiate 
  

(i) 2 4xx e            2 
  

(ii) 3(ln 1)x  .          2 
 
 
 
(b) Find primitives for each of the following: 
  

(i) 1 4x           2 
  

(ii) 
3

2

x

e .           1 
 
 
 

(c) Evaluate  
1

2
0 1

x
dx

x 



.         2 

 
 
 

(d) Find the equation of the tangent to the curve  5
1 2y x   at the point where x = 1. 3 

 



 5  
 

Question 3 (12 marks) Use a SEPARATE writing booklet.  
 
(a)  
 
  
 
 
 
 
 
 
 
 
 
 

 
The diagram shows the line k with x- and y-intercepts of 4 and 3 respectively. 
The line l is vertical. 

 The two lines are tangent to a circle with centre  5,3C , and they meet at the point D. 

 (Note that a tangent is perpendicular to the radius at the point of contact, as shown  
in the diagram.) 
 

 (i) Show that the equation of k is 3 4 12 x y .      2 

 (ii) Use the perpendicular distance formula to find the radius of the circle.  2 

 (iii) Hence find the equation of l.        1 

 (iv) Find the coordinates of D.        1 

 (v) Calculate the area of triangle BCD.       2 
 
 
 
(b) 
 
 
 
 
 
 
 
 
 PR and QS are straight lines intersecting at a point A. Also PS = QR, PAQ = 120, 

PSA = QRA = 80 and PQA = x. 
 
(i) Copy the diagram into your writing booklet. 

(ii) Prove that PSA  is congruent to QRA .      2 

(iii) Hence find the value of x giving reasons.      2 

 
  

y 

l 

D 

A 

C  
B 

O x 

3 

4 
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x° 
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Question 4 (12 marks) Use a SEPARATE writing booklet.    
 
(a)  

 
 
  

 

 

 

 

 
The diagram shows a parabola with focus  2, 3S  , directrix y = 1, and vertex V.  

(i) Write down the coordinates of V.       1 

 (ii) Write down the focal length of the parabola.      1 

 (iii) Find the equation of the parabola.       1 
 
 
 
(b) The equation 22 3 5 0x x    has roots α and β. Find the value of: 

 (i)              1 

 (ii)             1 

 (iii)  2  .          2 

 
 
 
(c) A single digit from the digits 1 to 9 is written on each of nine cards, so that each digit  

is used only once.  
 
Huey holds the cards 1 and 2, Dewey holds 3, 4 and 5, while Louie holds 6, 7, 8 and 9. 

  
A card is chosen by randomly choosing one of Huey, Dewey or Louie and then  
randomly choosing one of that person’s cards. 
 

 (i) What is the probability that the 9 card is chosen?     2 
  

(ii) A two-digit number is to be formed by choosing first the tens digit, and   2 
then the units digit. 

  What is the probability that this number is 92? 
 

(iii) What is the probability that Huey will have no cards left after forming the   1 
two-digit number ? 

 
 
 

• 

NOT TO SCALE 

V x

y

y = 1 

S  

• 
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 8  
 

Question 5 (12 marks) Use a SEPARATE writing booklet.  
 

(a) Use Simpson’s rule with five function values to approximate  
5

1

f x dx




   2 

 given that  
x 1 2 3 4 5 

 f x  2 5 7 4 1 

 
Give your answer correct to 3 significant figures. 

 
 
 
 
 
(b) Consider the function 3siny x .  

 
(i) Write down the amplitude.        1 

  
(ii) Find the period.         1 

 
 
 
 
 
(c) Consider the function   4 34 1  f x x x . 

 (i) Find the coordinates of any stationary points on the curve  y f x , and   4 

determine their nature. 
 

 (ii) Locate any points of inflexion.       2 
 
 (iii) Sketch the curve, showing all the above features.      2 
  Do not try to find the x-intercepts. 
 
 
  



 9  
 

Question 6 (12 marks) Use a SEPARATE writing booklet.  
 
(a) The first and thirteenth terms of an arithmetic progression are 7 and 1 respectively. 
  

(i) Find the common difference.        2 
  

(ii) Find the number of terms required to give a sum of zero.    2 
 
 
 
 (b)  
 
 
 
 
 
 
 
 
 
 
 The diagram shows the sector of a circle of radius 5 cm.   
 A segment is cut off by a chord of length 6 cm. 
  

(i) Calculate the value of   to the nearest degree.     2
  
 (ii) Find the area of the shaded segment.        2 
 
 
 
(c)    
 
 
 
 
 
 
 
 
 
 

 In the diagram above the region bounded by the curve 2 1y x  , the x-axis and  
 the y-axis has been shaded.  
 

(i) Find the coordinates of A.         1 
 
(ii) Write an expression for 2x  in terms of y.      1 

 
(iii) Find the volume of the solid formed when this region is rotated about   2 

the y-axis. 
 
 

 

x 

y 

5 cm 

5 cm 



A 
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Question 7 (12 marks) Use a SEPARATE writing booklet.   
 
(a)  

NOT TO SCALE

P

Q

R S

2 cm

2 cm

45°
15°

 
  

In the above diagram, QR = RS = 2 cm, 45RQS    and 15PQS   . 
  

(i) Show that 2 2QS   cm.        1 
  

(ii) Show that  2 3 1PS    cm.       2 

  

(iii) Use the sine rule to show that 
3 1

sin15
2 2


  .     3 

 
 
 
 

(b) The curves 
1

1
y

x



 and 1y mx   intersect at the points A and B. 

 
 (i) Show that the x-coordinates of A and B satisfy  2 1 2 0mx m x    .  3 

  
(ii) Hence find the values of m for which 1y mx   is a tangent to the curve  3 

 
1

1
y

x



. Leave your answers in surd form. 
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Question 8 (12 marks) Use a SEPARATE writing booklet.  
 
(a) On being retrenched from his job, Kevin receives a cash payment of $20 000. 
   

One year later, he receives his first annual payout of $10 000. He continues to  
receive annual payouts of $10 000 every year thereafter. 

  
He places all of this money in his suitcase as he receives it, and spends none. 

  
At the end of every year, just before the next payout, Kevin spends 20% of the   
money in his suitcase on a holiday. 

  
Let nA  be the amount Kevin has in his suitcase immediately after his nth annual  

payout.  
 
(i) Show that Kevin has $26 000 in his suitcase immediately after his   1 

first annual payout.  
 

 (ii) Show that the money in Kevin’s suitcase immediately after his   2 
  3rd annual payout is given by 
 

      3 2
3 20000 0.8 10000 1 0.8 0.8A     . 

 

 (iii) Show that  50000 30000 0.8n
nA   .      3 

  
(iv) After how many years will the amount in Kevin’s suitcase first    2 

exceed $48 000? 
  

(v) What is the most money Kevin will ever have in his suitcase?    1 
 
 
 
 
(b) Solve the equation  2log log 6e ex x  .       3 
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Question 9 (12 marks) Use a SEPARATE writing booklet.  
 
(a)   

 
  

 
 
 
 
 
 
 
 
 
The diagram shows the graphs of xy e  and 2 3 xy e   intersecting at the  
point P. 

(i) Show that the curves intersect when       1 

2 2 3 0x xe e   . 
 

(ii) Hence show that the x-coordinate of the point P is ln 3 .    2 
 

 (iii) Hence find the exact area of the shaded region.      3 

 
 
 
(b)  
 
 
 
 
 
 
 
 
 
 
 

 
 The diagram shows a parabola with vertex at the origin, focus S and directrix AB.   2 
  

A trapezium has been formed by dropping perpendiculars from the ends of the  
focal chord PQ to the directrix. The focal chord has length l, and AB = h. 

  
Use the locus definition of a parabola to explain why the area of this trapezium is  

given by 
1

2
A lh . 

 
 

Question 9 continues on page 13 
 

S 

x 

y 

P 

Q l

h

A B 

NOT TO SCALE 

y 

x 

 

P 
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Question 9 (continued) 
 
 
(c)  

 
 
 

  
 
 
 
 
 
 
 

The diagram shows the graph of the function  y f x , with the coordinates of  

its turning points shown. 
 
(i) On a number plane, sketch the graph of  y f x  where  f x  is the   2 

derivative of  f x . 

 
 (ii) Find the area of the region bounded by  y f x  and the x-axis.   2 

  (Do not attempt to find the equation of either function.) 
 
 
 
 

End of Question 9 
  

x

y
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Question 10 (12 marks) Use a SEPARATE writing booklet. 
 

(a)  
 
 

  
 
 
 
 
 
 
 

In the diagram, PQR is a right-angled triangle, with PQ = a and QR = b.    3 
  

A rectangle QLMN is inscribed inside the triangle as shown, where LM = 2x  
and MN = 3x. 

  

Given that the triangles PLM and PQR are similar (do not prove this), show that  

2 3

ab
x

a b



. 

 
 
(b)  
 
 
 
 
 
 
 
 
 
 
 
 The diagram shows a square GHJK inscribed inside another square CDEF. 
 CDEF has a side length of 1 unit. The length of CG is y units. 

 A rectangle FRST has been inscribed inside the triangle FGK such that 
2

3

RS

ST
 . 

 (i) Use part (a) to show that the area of rectangle FRST is given by    3 

 
 

22

2

6 1

2

y y
A

y





. 

 (ii) Let lnB A . Show that 
 
  

22 2 4

1 2

y ydB

dy y y y

 


 
.     3 

 
 (iii) Note that when A has its maximum value, B will also have its maximum value. 3 
  Show that the maximum possible area of rectangle FRST occurs when  

6 2y   . 
 

End of paper 
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2011 Year 12 Mathematics Trial – Solutions 
 
Question 1 
 
(a)  

 

cos
଻గ

଺
ൌ cos ቀߨ ൅

గ

଺
ቁ

				ൌ െ cos
గ

଺

ൌ െ √૜

૛
	

  

 
(b)  

 

ݔ3| ൅ 2| ൏ 9
െ9 ൏ ݔ3 ൅ 2 ൏ 9											
െ11 ൏ ݔ3 ൏ 7												
െ

૚૚

૜
൏ ݔ ൏

ૠ

૜
										

	  

 
(c) 

 

ସ

ଵି√ଷ
ൈ

ଵା√ଷ

ଵା√ଷ
ൌ

ସ൫ଵା√ଷ൯

ଵିଷ

																																	ൌ െ2൫1 ൅ √3൯

																													ൌ െ2 െ 2√3
																														ൌ െ૛ െ √૚૛

  

 
(d) 

 
ݕ ൌ ଶݔ

ݕ ൌ 2 െ ݔ
  

 Equating:  

   

ଶݔ																																 ൌ 2 െ ݔ
ଶݔ								 ൅ ݔ െ 2 ൌ 0
ሺݔ ൅ 2ሻሺݔ െ 1ሻ ൌ 0

ݔ		 ൌ െ2, 1
ݕ ൌ 4, 1

 

 ie.  ࢞ ൌ െ૛, ࢟ ൌ ૝    OR   ࢞ ൌ ૚, ࢟ ൌ ૚  
 
(e)  

 

భ
ೌ
ା
భ
್

భ
ೌమ
ି

భ
್మ
			ൈ 		

௔మ௕మ

௔మ௕మ
		ൌ 	

௔௕మା௔మ௕

௕మି௔మ

																																ൌ
௔௕ሺ௕ା௔ሻ

ሺ௕ା௔ሻሺ௕ି௔ሻ

																				ൌ
࢈ࢇ

ࢇି࢈

  



Question 2 
 

(a) (i) 

  

ௗ

ௗ௫
ሺݔଶ݁ସ௫ሻ ൌ ݁ସ௫ 	 ∙ 		ݔ2	 ൅ ଶݔ		 	 ∙ 4݁ସ௫

							ൌ ૛ࢋ࢞૝࢞ ൅ ૝࢞૛ࢋ૝࢞

		ൌ ሺ1ݔ2 ൅ ሻ݁ସ௫ݔ2
  

 
 (ii)  

  

ௗ

ௗ௫
ሺln ݔ ൅ 1ሻଷ ൌ 3ሺln ݔ ൅ 1ሻଶ 	 ∙

ଵ

௫

																					ൌ
૜

࢞
ሺܖܔ ࢞ ൅ ૚ሻ૛

   

 
(b) (i)  

  

ධ√1 െ ݔ݀	ݔ4 ൌ 	නሺ1 െ ሻݔ4
భ
మ	݀ݔ

																			ൌ
ሺଵିସ௫ሻ

య
మ

య
మ
	ൈ	ିସ

൅ ܿ

																							ൌ െ
ሺ૚ି૝࢞ሻ

૜
૛

૟
൅ ࢉ

																																			ൌ െ
ଵ

଺
ඥሺ1 െ ሻଷݔ4 ൅ ܿ

  

 
 (ii)  

  
න݁

యೣ
మ ݔ݀	 ൌ

௘
యೣ
మ
య
మ

൅ 	ܿ

																			ൌ
૛

૜
ࢋ
૜࢞
૛ ൅ ࢉ	

   

 
(c)  

 

න ௫

௫మାଵ
ݔ݀	

ଵ

଴
ൌ 	

ଵ

ଶ
න ଶ௫

௫మାଵ
ݔ݀	

ଵ

଴

																									ൌ
ଵ

ଶ
ሾlnሺݔଶ ൅ 1ሻሿ଴

ଵ

																						ൌ
ଵ

ଶ
ሺln 2 െ ln 1ሻ

						ൌ
૚

૛
ܖܔ ૛

	 

 
(d) 

 
ௗ

ௗ௫
ሺ1 െ ሻହݔ2 ൌ 5ሺ1 െ ሻସݔ2 ൈ ሺെ2ሻ

												ൌ െ10ሺ1 െ ሻସݔ2
  

 when ݔ ൌ ݕ ,1 ൌ െ1 and ்݉ ൌ െ10   
 tangent: 

   
ݕ	 ൅ 1 ൌ െ10ሺݔ െ 1ሻ
ݕ ൅ 1 ൌ െ10ݔ ൅ 10
࢟									 ൌ െ૚૙࢞ ൅ ૢ

  



Question 3 
 

(a) (i) ݉௞ ൌ െ
ଷ

ସ
,  y-intercept = 3 

  k:   

   
ݕ ൌ െ

ଷ

ସ
ݔ ൅ 3

ݕ4 ൌ െ3ݔ ൅ 12
૜࢞ ൅ ૝࢟ ൌ ૚૛

  

 
 (ii) ݇:		3ݔ ൅ ݕ4 െ 12 ൌ ,ሺ5ܥ     0 3ሻ  

ܥܣ   ൌ
|ଷሺହሻାସሺଷሻିଵଶ|

√ଷమାସమ

ൌ ૜														
  

 
 (iii)  

ݔ   ൌ 5 ൅ 3
࢞ ൌ ૡ								

  

 
 (iv) sub ݔ ൌ 8 into equation of ݇:  

  
3ሺ8ሻ ൅ ݕ4 ൌ 12

ݕ																				 ൌ െ12
∴ ሺૡ,െ૜ሻࡰ

  

 
 (v) ܥܤ ൌ ܦܤ			,3 ൌ 3 ൅ 3 ൌ 6  

  
Area ൌ

ଵ

ଶ
ൈ 6 ൈ 3

												ൌ ૛ܛܜܑܖܝ	ૢ
  

    
(b) (ii) In ∆’s ܲܵܣ and ܴܳܣ : 
ܣܵܲ∠   ൌ ܣܴܳ∠ ൌ 80°  (given) 
ܵܣܲ∠   ൌ  (vertically opposite)   ܴܣܳ∠
  ܲܵ ൌ ܴܳ    (given) 
  ∴ ࡭ࡿࡼ∆	 ≡  (AAS)  ࡭ࡾࡽ∆
 
 (iii) ܲܣ ൌ  (corresponding sides of congruent triangles)    ܣܳ
  ie. ∆ܲܳܣ is isosceles 
  ∴ ܳܲܣ∠	 ൌ ܲܳܣ∠ ൌ  (base angles of isosceles triangle)  ݔ
ݔ2   ൅ 120 ൌ 180    (angle sum of triangle) 
࢞                 ൌ ૜૙  



Question 4 
 
(a) (i) ࢂሺ૛,െ૚ሻ  
 
 (ii) ࢇ ൌ ૛  
 
 (iii) ሺ࢞ െ ૛ሻ૛ ൌ െૡሺ࢟ ൅ ૚ሻ  
 

(b) (i) ࢻ ൅ ࢼ ൌ
૜

૛
  

 

 (ii) ࢼࢻ ൌ
૞

૛
 

 
 (iii)  

  

ሺߙ െ ሻଶߚ 				ൌ ሺߙ ൅ ሻଶߚ െ ߚߙ4

															ൌ ቀ
ଷ

ଶ
ቁ
ଶ
െ 4 ቀ

ହ

ଶ
ቁ

ൌ െ
૜૚

૝

  

 

(c) (i) 
ଵ

ଷ
ൈ

ଵ

ସ
ൌ

૚

૚૛
  

 

 (ii) 
ଵ

ଵଶ
ൈ

ଵ

ଷ
ൈ

ଵ

ଶ
ൌ

૚

ૠ૛
  

 

 (iii) 
ଵ

ଷ
ൈ

ଵ

ଷ
ൌ

૚

ૢ
  



Question 5 
 
(a) ݄ ൌ 1  

 

׬ ݂ሺݔሻ	݀ݔ
ହ
ଵ ൎ

ଵ

ଷ
ሾ2 ൅ 1 ൅ 4ሺ5 ൅ 4ሻ ൅ 2ሺ7ሻሿ

ൌ
ହଷ

ଷ
																											

ൌ ૚ૠ. ૠ		ሺ3	s. f. ሻ						

 

 
(b) (i) amplitude = 3 
 

 (ii) period = 
ଶగ

గ
ൌ ૛  

 
(c) (i)  

  
					݂ሺݔሻ ൌ ସݔ െ ଷݔ4 ൅ 1
	݂ᇱሺݔሻ ൌ ଷݔ4 െ ଶݔ12

݂ᇱᇱሺݔሻ ൌ ଶݔ12 െ ݔ24
  

 

  stat points:  

    

												݂ᇱሺݔሻ ൌ 0
ଷݔ4 െ ଶݔ12 ൌ 0

	
ݔଶሺݔ4 െ 3ሻ ൌ 0
ݔ			 ൌ 0,						3
ݕ				 ൌ 1,െ26

   

 
  ݂ᇱᇱሺ3ሻ ൌ 36 ൐ 0			 ⇒   minimum turning point at ሺ૜, െ૛૟ሻ  
 

  ݂ᇱᇱሺ0ሻ ൌ 0  (test inconclusive – revert to other test) 
   
       
         
   

  ∴  horizontal point of inflexion at ሺ૙, ૚ሻ 
 
 (ii) Possible Points of inflexion: 

       

											݂ᇱᇱሺݔሻ ൌ 0
ଶݔ12 െ ݔ24 ൌ 0
ݔሺݔ12	 െ 2ሻ ൌ 0
ݔ					 ൌ 0,								2
ݕ					 ൌ 1, െ15

  

 

  Inflexion at  ሺ0, 1ሻ already found in part (i) 
  Test for inflexion at ൌ 2 : 

 3 2 1 ݔ
݂ᇱᇱሺݔሻ െ12 0 36 

  ∴ change in concavity 
  ∴ points of inflexion at ሺ૙, ૚ሻ and ሺ૛, െ૚૞ሻ  

 െ1 0 1 ݔ
݂ᇱሺݔሻ െ16 0 െ8 



 (iii) 

x

y

(0, 1)

(3, -26)

(2, -15)

 



Question 6 
 

(a) (i)  

  

௡ܶ ൌ ܽ ൅ ሺ݊ െ 1ሻ݀
					1 ൌ 7 ൅ ሺ13 െ 1ሻ݀
12݀ ൌ െ6																						
ࢊ ൌ െ

૚

૛
																	

  

 

 (ii) 

  

ܵ௡ ൌ
௡

ଶ
ሾ2ܽ ൅ ሺ݊ െ 1ሻ݀ሿ

											0 ൌ
௡

ଶ
ቂ14 ൅ ሺ݊ െ 1ሻ ቀെ

ଵ

ଶ
ቁቃ

0 ൌ
௡

ସ
ሾ28 െ ሺ݊ െ 1ሻሿ

	0 ൌ
௡

ସ
ሺ29 െ ݊ሻ												

݊ ൌ 0	ሺtrivial	solutionሻ	or		݊ ൌ 29

  

  Hence, ૛ૢ terms are required. 
 

(b) (i) 

  

6ଶ ൌ 5ଶ ൅ 5ଶ െ 2ሺ5ሻሺ5ሻ cos 																				ߠ
36 ൌ 50 െ 50 cos 																																								ߠ

50 cos ߠ ൌ 14																																																																				
cos ߠ ൌ

଻

ଶହ
																																																															

ࣂ																 ൌ ૠ૝°		ሺtaking	1st	quadrant	answer	onlyሻ

  

 

 (ii) ߠ ൌ 1.2915 radians 

  

Area ൌ
ଵ

ଶ
ߠଶሺݎ െ sin 																							ሻߠ

																			ൌ
ଵ

ଶ
ൈ 5ଶ ൈ ሺ1.2915 െ sin 1.2915ሻ

		ൌ ૝. ૚૜	ܕ܋૛			ሺ2	d. p. ሻ		

  

 

(c) (i) ݔ ൌ 0			 → ݕ			 ൌ െ
ଵ

ଶ
			→ ࡭ ቀ૙,െ

૚

૛
ቁ  

 

 (ii)  

  

ݕ2 ൌ ݔ√ െ 1

ݔ√ ൌ ሺ2ݕ ൅ 1ሻ
ݔ ൌ ሺ2ݕ ൅ 1ሻଶ

૛࢞ ൌ ሺ૛࢟ ൅ ૚ሻ૝

  

 

 (iii)  

  

						ܸ ൌ ߨ ׬ ሺ2ݕ ൅ 1ሻସ	݀ݔ
଴
ି
భ
మ

ൌ ߨ ቂ
ሺଶ௬ାଵሻఱ

ହ		ൈ		ଶ
ቃ
ି
భ
మ

଴

ൌ
గ

ଵ଴
ሺ1 െ 0ሻ				

ൌ
࣊

૚૙
				૜ܛܜܑܖܝ	

  



Question 7 
 
(a) (i)  

  
ܳܵଶ ൌ 2ଶ ൅ 2ଶ

ൌ 8			
ࡿࡽ			 ൌ ૛√૛	ܕ܋

  

 
 (ii)  

  

௉ோ

ொோ
ൌ tan 60°

௉ோ

ଶ
ൌ √3							

ܴܲ ൌ 2√3						

  

  

∴ ܲܵ ൌ ܴܲ െ ܴܵ															
ൌ 2√3 െ 2					

						ൌ ૛൫√૜ െ ૚൯	ܕ܋
  

 
 (iii) ∠ܳܲܵ ൌ 180 െ 60 െ 90 ൌ 30°  (angle sum of ∆ܴܳܲ)  

  

ୱ୧୬ଵହ°

ଶ൫√ଷିଵ൯
ൌ

ୱ୧୬ଷ଴°

ଶ√ଶ
																												

sin 15° ൌ 2൫√3 െ 1൯ ൈ
ଵ

ଶ
ൈ

ଵ

ଶ√ଶ

ൌ √૜ି૚

૛√૛
															

  

 
(b) (i)  

  

								
ଵ

௫ିଵ
ൌ ݔ݉ ൅ 1

																														1 ൌ ሺݔ െ 1ሻሺ݉ݔ ൅ 1ሻ
																																		1 ൌ ଶݔ݉ ൅ ݔ െ݉ݔ െ 1

૛࢞࢓ െ ሺ࢓ െ ૚ሻ࢞ െ ૛ ൌ ૙																																						

  

 
 (ii) If the line is a tangent to the curve, the above equation has only one solution: 

  

																						∆	ൌ 0											
										ሺ݉ െ 1ሻଶ ൅ 8݉ ൌ 0																										
݉ଶ െ 2݉ ൅ 1 ൅ 8݉ ൌ 0																								

݉ଶ ൅ 6݉ ൅ 1 ൌ 0												

																																	݉ ൌ
ି଺േඥ଺మିସሺଵሻሺଵሻ

ଶሺଵሻ

																			݉ ൌ
ି଺േ√ଷଶ

ଶ

࢓																										 ൌ െ૜ േ ૛√૛

  



Question 8 
 
(a) (i) ܣଵ ൌ 20	000 ൈ 0.8 ൅ 10	000 ൌ $૛૟	૙૙૙  
 
 (ii)  

  
ଶܣ ൌ ଵܣ ൈ 0.8 ൅ 10	000																																										
					ൌ ሾ20	000ሺ0.8ሻ ൅ 10	000ሿ ൈ 0.8 ൅ 10	000
		ൌ 20	000ሺ0.8ሻଶ ൅ 10	000ሺ0.8ሻ ൅ 10	000

  

  

ଷܣ ൌ ଶܣ ൈ 0.8 ൅ 10	000																																																																										
				ൌ ሾ20	000ሺ0.8ሻଶ ൅ 10	000ሺ0.8ሻ ൅ 10	000ሿ ൈ 0.8 ൅ 10	000
	ൌ 20	000ሺ0.8ሻଷ ൅ 10	000ሺ0.8ሻଶ ൅ 10	000ሺ0.8ሻ ൅ 10	000

૜࡭ ൌ ૛૙	૙૙૙ሺ૙. ૡሻ૜ ൅ ૚૙	૙૙૙ሺ૚ ൅ ૙. ૡ ൅ ૙. ૡ૛ሻ																												

  

 
 (iii)  

  

௡ܣ ൌ 20	000ሺ0.8ሻ௡ ൅ 10	000ሺ1 ൅ 0.8 ൅ 0.8ଶ ൅ ⋯൅ 0.8௡ିଵሻ

ൌ 20	000ሺ0.8ሻ௡ ൅ 10	000 ቀ
ଵି଴.଼೙

ଵି଴.଼
ቁ																																				

ൌ 20	000ሺ0.8ሻ௡ ൅ 50	000ሺ1 െ 0.8௡ሻ																															
ൌ 20	000ሺ0.8ሻ௡ ൅ 50	000 െ 50	000ሺ0.8ሻ௡																				
ൌ ૞૙	૙૙૙ െ ૜૙	૙૙૙ሺ૙. ૡሻ࢔																																																

  

 
 (iv)  

  

௡ܣ ൐ 50	000																																																														
50	000 െ 30	000ሺ0.8ሻ௡ ൐ 48	000																																																																																																					

30	000ሺ0.8ሻ௡ ൏ 2	000																																																																																				

ሺ0.8ሻ௡ ൏ ଵ

ଵହ
																																																																														

logሺ0.8ሻ௡ ൏ log ቀ ଵ
ଵହ
ቁ																																																																								

݊ logሺ0.8ሻ ൏ െ log 15																																																																								

																																								݊ ൐ െ ୪୭୥ଵହ

୪୭୥ሺ଴.଼ሻ
			ሺswitching	inequality	since logሺ0.8ሻ is	negativeሻ

݊ ൐ 12.14																																																												

 

 
    Hence ૚૜ years are required. 
 
 (v) as ݊ → ∞, ሺ0.8ሻ௡ → 0,   so ܣ௡ → $૞૙	૙૙૙  
 
(b)  

 

2 log௘ ݔ ൌ log௘ሺݔ ൅ 6ሻ																																																																	
log௘ ଶݔ ൌ log௘ሺݔ ൅ 6ሻ																																																																

ଶݔ ൌ ݔ ൅ 6																																																																			
ଶݔ െ ݔ െ 6 ൌ 0																																																																																											

ሺݔ െ 3ሻሺݔ ൅ 2ሻ ൌ 0																																																																																																			
ݔ ൌ 3, െ2																																																																
࢞	 ൌ ૜		ሺെ2	doesnt	satisfy	original	equationሻ

  



Question 9 
 
(a) (i)  

  
																							2 ൅ 3݁ି௫ ൌ ݁௫

ሺൈ ݁௫ሻ:													2݁௫ ൅ 3 ൌ ݁ଶ௫

࢞૛ࢋ											 െ ૛࢞ࢋ െ ૜ ൌ ૙
  

 

 (ii)  

  

݁ଶ௫ െ 2݁௫ െ 3 ൌ 0
ሺ݁௫ െ 3ሻሺ݁௫ ൅ 1ሻ ൌ 0						
݁௫ ൌ 3			or			݁௫ ൌ െ1									
࢞ ൌ 			solutionሻ	ሺno							૜ܖܔ

  

 

 (iii)  

  

ܣ ൌ ׬ ሺ2 ൅ 3݁ି௫ െ ݁௫ሻ	݀ݔ
୪୬ଷ
଴ 																							

ൌ ሾ2ݔ െ 3݁ି௫ െ ݁௫ሿ଴
୪୬ଷ																										

ൌ ቀ2 ln 3 െ 3 ቀ
ଵ

ଷ
ቁ െ 3ቁ െ ሺ0 െ 3 െ 1ሻ

ൌ ሺ૛ ܖܔ ૜ሻ		ܛܜܑܖܝ૛																											

  

 

(b)  
 Area ൌ ஺஻

ଶ
ሺܲܣ ൅   ሻܳܤ

 but ܲܣ ൌ ܵܲ and ܳܤ ൌ ܵܳ (focus definition of parabola) 

 

∴ ܣ		 ൌ
௛

ଶ
ሺܵܲ ൅ ܵܳሻ

ൌ ௛

ଶ
ൈ ݈			

࡭ ൌ ૚

૛
									ࢎ࢒

  

 

(c) (i) 

3-1

-2

x

y

( )y f x

 
 

(ii)  

 

Area ൌ ׬ ݂ᇱሺݔሻ	݀ݔ
ିଶ
ିଵ ൅ ׬ ݂ᇱሺݔሻ	݀ݔ

ଷ
ିଵ 																							

ൌ ሾ	݂ሺݔሻ	ሿିଵ
ିଶ 	൅		 ሾ	݂ሺݔሻ	ሿିଵ

ଷ 																					
ൌ ݂ሺെ2ሻ െ ݂ሺെ1ሻ 	൅ 			݂ሺ3ሻ െ ݂ሺെ1ሻ

							ൌ െ1 െ ሺെ3ሻ ൅ 5 െ ሺെ3ሻ																													
		ൌ ૚૙	ܛܜܑܖܝ૛																																																	

  



Question 10 
 
(a) ܲܮ ൌ ܽ െ   ,ݔ3

  

																	
௉௅

௉ொ
ൌ

௅ெ

ொோ

												
௔ିଷ௫

௔
ൌ

ଶ௫

௕

					ܾሺܽ െ ሻݔ3 ൌ ݔ2ܽ
				ܾܽ െ ݔ3ܾ ൌ ܾܽ
ݔ2ܽ		 ൅ ݔ3ܾ ൌ ܾܽ
ሺ2ܽݔ	 ൅ 3ܾሻ ൌ ܾܽ

࢞																									 ൌ
࢈ࢇ

૛ࢇା૜࢈

 

  
(b) (i) Note:  all triangles are similar 
  ܽ ൌ ܨܩ ൌ 1 െ  ݕ
  ܾ ൌ ܭܨ ൌ   ݕ

  

ݔ ൌ
௔௕

ଶ௔ାଷ௕
											

ൌ
ሺଵି௬ሻ∙௬

ଶሺଵି௬ሻାଷ௬

ൌ
௬ሺଵି௬ሻ

௬ାଶ
						

  

  

Area,			ܣ ൌ ݔ2 ∙ 											ݔ3
ൌ ଶݔ6

									
						ൌ 6 ∙ ቂ

௬ሺଵି௬ሻ

௬ାଶ
ቃ
ଶ

࡭ ൌ
૟࢟૛ሺ૚ି࢟ሻ૛

ሺ࢟ା૛ሻ૛
				

  

 
 (ii)  

  

ܤ ൌ ln
଺௬మሺଵି௬ሻమ

ሺ௬ାଶሻమ
																																																							

				ൌ ln 6 ൅ 2 ln ݕ ൅ 2 lnሺ1 െ ሻݕ െ 2 lnሺݕ ൅ 2ሻ
ௗ஻

ௗ௬
ൌ

ଶ

௬
െ

ଶ

ଵି௬
െ

ଶ

௬ାଶ
																																																				

ൌ
ଶሺଵି௬ሻሺ௬ାଶሻିଶ௬ሺ௬ାଶሻିଶ௬ሺଵି௬ሻ

௬ሺଵି௬ሻሺ௬ାଶሻ
																					

ൌ
ଶሺ௬ାଶି௬మିଶ௬ି௬మିଶ௬ି௬ା௬మሻ

௬ሺଵି௬ሻሺ௬ାଶሻ

ൌ
૛൫૛ି૝࢟ି࢟૛൯

ା૛ሻ࢟ሻሺ࢟ሺ૚ି࢟
																											

																									

  



 (iii) max/min when 
ௗ஻

ௗ௬
ൌ 0  

  

2 െ ݕ4 െ ଶݕ ൌ 0																																						
ଶݕ ൅ ݕ4 െ 2 ൌ 0																																						
ଶݕ ൅ ݕ4 ൅ 4 ൌ 6																																						

ሺݕ ൅ 2ሻଶ ൌ 6																																

ݕ ൅ 2 ൌ േ√6																				

ݕ ൌ െ2 േ √6				

ݕ																																											 ൌ √6 െ 2		ሺas	ݕ	cannot	be	negativeሻ

  

 
  Note:  (1) the domain for ݕ is 0 ൏ ݕ ൏ 1 (see diagram): 
   (2) √6 െ 2 ൎ 0.45	  

      
 
    ∴ maximum area occurs when ࢟ ൌ √૟ െ ૛		 
 

6√ 0.4 ݕ െ 2 0.5 
ܤ݀
ݕ݀

 
൅0.83 0 െ0.8


