






Section II 

90 marks 
Attempt Questions 11 – 16 
Allow about 2 hours and 45 minutes for this section 

All necessary working should be shown in every question. 

Question 11 (15 marks) – Use a separate booklet Marks

(a) Evaluate dx
e
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(b)  Use the completion of squares method to find 
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(c) Consider the function 2
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(ii) Hence, or otherwise find dxxf )( . 2

(d) A point )tan,sec( θθ baP  lies on the hyperbola 12
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a
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)0,(aeS  and )0,( aeS −′ . 

(i) Show that )1sec( −= θeaPS  and )1sec( +=′ θeaSP .  3

(ii) Deduce  aPSPS 2' =− .  3

Answer each question in a new answer booklet. 

Question 12 (15 marks) – Use a separate booklet Marks

(a) For what values of k does the equation 0243 23 =+−− kxxx  have one real 
root? 

4

(b)  Find all the complex numbers ibaz += , where a and b are real, such that 
( )2272 +=− ziz . 

4

(c) 

The base of a solid is the semi-circular region in the x - y plane with the 
straight edge running from the point ( )1,0 −  to the point ( )1,0  and the point 
( )0,1  on the curved edge of the semicircle. 

Each cross-section perpendicular to the x-axis is an isosceles triangle, in 
which the two equal side lengths are equal to three quarters the length of the 
third side. 

(i) Show that the area of the triangular cross-section at ax =  is given by: 

=)(xA ( )21
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 (ii) Hence find the volume of the solid. 2

(d) 

  

A polynomial ( )xP  gives remainders –2 and 1 when divided by 
2 and 12 −− xx  respectively. What is the remainder when ( )xP  is divided 

by 252 2 +− xx ? 

3



Question 13 (15 marks) – Use a separate booklet Marks

(a) The region bounded by the curve xy cos=  and the axes between x = 0 and  

x = 
2
π  is rotated about the line x = 3 to form a solid of revolution.

(i) Draw a neat diagram showing the resultant volume. 1

(ii) Using the method of cylindrical shells, find the volume of the solid. 4
(b)  

In the diagram, TB and TD are tangents to the circle (centre O), at B and D. 
P, K, Q and T are collinear such that CDPT . 

Copy or trace the diagram into your writing booklet. 

(i) Prove that TBKD is a cyclic quadrilateral. 3

(ii) Prove that TBOD is a cyclic quadrilateral. 2

(iii) Show that K is the midpoint of PQ. 2

(c) is a complex number satisfying the equation 242 =−+ iz .  

(i) Sketch the locus of z. 2

(ii) Find the maximum value of 1−z . 1

  

Question 14 (15 marks) – Use a separate booklet Marks

(a) Use the Table of Standard Integrals to find   
4

2
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x dx
x +

. 2

(b) Consider the graph of the function ( ) 1f x x= −  shown below.  
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Transformations of  ( )y f x=  are shown below. Draw the resultant graphs 
on the answer page provided with your multiple choice answer sheet. Show 
distinguishing features with an accurate scale.

(i) ( )y x f x= 2

(ii) ( )y f x= 2

(iii) ( )f xy e= 2

Question 14 continues on the next page 



(c) (i) Evaluate exactly the integral 
1

ln
n

x dx . 2

(ii) Consider the curve lny x= . The area under the curve for 1 x n≤ ≤  is 
approximated by dividing it into rectangles under the curve each of 
width 1 unit. See diagram below (not to scale). 
y 

lny x=

0 1 2 3 4 5 n–1 n x 

Show that the sum of the rectangles, uS , is given by ( )( )ln 1 !uS n= − . 

(iii) Another approximation, aS , is made by dividing the area into 
rectangles that lie above the curve. See diagram below (not to scale). 

y 

lny x=

0 1 2 3 4 5 n–1 n x 

Find a similar expression for this area, aS . 

2

1

(iv) Hence or otherwise show that ( ) 11 ! !n nn n e n−− < < . 2

  

Question 15 (15 marks) – Use a separate booklet Marks 

(a) Let cos sin
6 6

z iπ π= + . Find 6z . 2

(b) (i) Show that the tangent to the rectangular hyperbola 4xy =  at the point 
22 ,P t
t

 has the equation 2 4 0x t y t+ − = .

2

 (ii) The tangent at P cuts the x axis at point Q. Show that the line through 
Q which is perpendicular to the tangent at P has the equation 

2 34 0t x y t− − = .

1

(iii) The line 2 34 0t x y t− − =  cuts the rectangular hyperbola at the points R
and S. Show the midpoint M of RS has coordinates 3(2 , 2 )M t t− .

2

 (iv) Find the equation of the locus of M as P moves on the rectangular 
hyperbola. State any restrictions.

2

(c) The equation 4 3 2 0x bx cx dx e+ + + + =  has two roots which are reciprocals 
and two other roots which are opposites. 
(i) Show that 1c e= + . 2

(ii) Hence, deduce that d be= . 2

(d) Show that e xx > +1  for x > 0 . 2

  



Question 16 (15 marks) – Use a separate booklet Marks 

(a) Without using calculus, draw the graph of: 

( ) ( )181541
9
1 232 +−−−= xxxxy

Show all major features of the curve. 

3

(b) (i) Explain why the cubic ( ) 3 3 1f x x x= − +  has exactly one root, x α= , 
between 0 and 1.

2

(ii) Beginning with the approximation 0x = , use two applications of 
Newton’s method to show that  (to 3 decimal places).

2

 (iii) The diagram below shows a hemispherical bowl of radius r.  The bowl 
has been tilted so that its axis is no longer vertical, but at an angle θ to 
the vertical.  At this angle, it can hold a volume V of water.

  

        θ 

O 

W h

P 

  B 

The vertical line from the centre O meets the surface of the water at 
W and meets the bottom of the bowl at B.  Let P be any point 
between W and B and let h be the distance OP.

Explain why ( )2 2

sin

r

r

V r h dh
θ

π= −  .

2

(iv) Hence show ( )
3

32 3sin sin
3

rV π θ θ= − + 3

(v) The bowl has been tilted so that it is exactly half full.  Using the results 
above, find the angle θ  correct to one tenth of a degree. 

3

END OF ASSESSMENT TASK 






















