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MATHEMATICS EXTENSION 2 

General Instructions 

• Reading time- 5 minutes Total marks -100 

• Working time- 3 hours [5~-~;~~-n 1 ] pages 2-3 

• Write using black or blue pen 10 marks 

• Board- approved calculators may be used • Attempt Questions 1-10 

• A table of standard integrals is provided • Allow about 20 minutes for this 

• Show all necessary working in section 

Questions 11-16 ( Section 2 ] pages 4 - 11 

• Attempt Questions II - 16 

• Allow about 2 hours 40 

minutes for this seCtion 
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SECTION! 

Multiple Choice (10 marks) Circle your answer on the question paper. 

1. If z1 and z2 are any two non-zero complex numbers such that Jz1 +z2 J = ]z,j +Jz2 J 

then arg(z1)-arg(z2 ) is 

(A)-!':. 
2 

(B) 0 (C)!':. 
2 

(D)!':_ 
4 

2. If z is a complex number such that jz-3- 4iJ + Jz + 3 + 4i] = 10, then the locus of z is 

(A) An ellipse (B) a circle (C) a hyperbola (D) a straight line 

3. The real values of x and y if 

,~xv +.JY)-15 = ;(s -.JY) 

(A) 36,225 (B) 25,9 (C) 25,225 (D) 9, 25 

4. If a and p are the roots of x2 
- 2x + 4 = 0, then the value of a 3 + fJ3 is 

(A)~ 
2 

(B) -128 (C) -16 

5. If Jx4 sin(6x5 )dx=~cos(6x5 )+C, x:;eOthenthevalueof A. is 

(A)5 (B)! 
5 

6. If ¢(x) = j tsintdt, then ¢'(x) is 
0 

(A) xcosx (B) xsinx 

(C) -5 

(C) cosx+xsinx 
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7. The value of Jlx-lflx is 
0 

(A) -I (B) 1 

3 

(C) 2 (D)3 

8. The coordinates of a focus of the ellipse 4x2 + 9y2 
= 1 are 

(AJ[- ~.o) (B) [o, ~) <CJ l ~.o) (D)[- ~.o) 

9. The equations of the directrices of the hyperbola 3x2 -6y2 = -18 are 

(A)x=±l (B) y=±l (C) x=±2 (D) y=±2 

10. A solid has a base in the form of an ellipse with major axis 10 and minor axis 8. Every 

cross-section perpendicular to the major axis is an isosceles triangle with altitude 6. 

'Which one of the following is the correct expression for the volume of the solid. 

' '\ .... "' ~. 1 X 

.l' 

24 4 ~ 
(A) V=- fv25-y 2 dy 

5 -4 

4 

(B) V=4JJ25-y2 dy 
0 

. 
·' 

(C) v = 
24 j ,/25-x2dx 
5 -S 

s 
(D) V=4J,/25-x2 dx 

0 
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Question 11 ( 15 marks ) Marks 

Evaluate: 

, _, 
e -e dx 

(a) J (e' + ,-• )2 2 

(b) J xtan-1 xdx 2 

, 
2 dx 

<•Jf--dx 
0 2+cosx 

3 

(d) (i) Find the real numbers A, Band C such that 

3x+l A B C 
--+---+--
x-2 (x-2)2 x+2 

2 
(x-2)2 (x+2) 

(ii) Hence evaluate J 3x
2
+ 

1 
dx 

· (x-2) (x+2) 
2 

, 
" " 4 

(e)Usetheresult JJ(x)dx= JJ(a-x)dx to evaluate Jlog(l+tanx)dx 4 
0 0 0 

Question 12 ( 15 marks ) 

(a) (i) Prove that if x =a is a root of multiplicity k of the real polynomial equation 

P(x)=O,then x=aisalsoarootoftheequation dP =0 ofmultiplicity k-1. 2 
dx 

(ii) Solve P(x) = x4 -llx3 + 42x2 
- 68x + 40, given that P(x) = 0 has a root of 

.multiplicity 3. 2 

(b) Let a,f3,y be the roots of the cubic equation x 3 + px2 + q = 0, where p,q are real. 

The equation x 3 +ax 2 +bx+c = 0 has roots a 2 ,/32 ,y2
• Find a,b,cin terms of p,q. 

2 
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(c) A particle of mass m kilograms starts falling from rest having been initially projected 

vertically upwards from the ground. It experiences air resistance of magnitude 

mkv2 on both the upward and downward motion of the journey where k is a positive 

constant and v is the velocity of the particle at any instant. 

(i) Show that the terminal velocity, V0,ofthe particle is given by V0 = K 
(ii) If W is the velocity of the particle when it hits the ground, show that the distance, 

S ,fallen is given by ;k ln(g-~W'). 2 

(iii) The maximum height attained by the particle is given by H = _!_ m(g + kU
2 

) 
2k g 

where U is the initial velocity of projection. Show that 
I I I ---+-w2 - U2 Vol. 2 

' ' (d) The point P(4cosB,3sinB) lies on the ellipse =-+L =I. 
16 9 

y 

1"\ - X 

(i) Find the equation of the tangent to the ellipse at P. 2 

(ii) The tangep.t at P cuts the x- axis at Q and the y- axis at R. Show that the area of 

AORQ is _E._. 
sin28 

(iii) Find the coordinates ofP so that area of D.ORQis a minimum. 
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Question 13 ( 15 marks ) 

(a) z is a complex number such that jzj = 4,argz = Str. Express z in the form 
6 

a+ibwhere a and bare real. 

(b) z1 =1+i.J3 and z2 =1-i are two complexnwnbers. 

(i) Express z
1
,z2 and z1z2 in modulus/argument form. 

(ii) Find the smallest positive integer such that z~ z; is purely imaginary. For this 

value of n, write the value of z1n z~ in the form hi where b is a real number. 

(c) Sketch the locus of the following: 

(i) arg(z -1- 2i) = .':. 
4 

(ii) z;-3(z+;) :;;O 

(d) (i) Find the seven .seventh roots of -1 

(ii) Factorise z 1 + 1 over the real field R. 

(iii) 
1r 31r 57r 1 

Prove that cos-+cos-+cos-=-
7 7 7 2 
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Question 14 ( 15 marks) 

(a)Find the volume of the solid generated by revolving the region bounded by 

x 2
- y 2 = 16,and x = 8 about the y-axis.(see Figure 1) 

6 

y 
X

2 -y2 =16 
y~ .j ' 4-x 

1g 12 "x _, 

.. ·2 -1 2 

-1 
-~-.v 

Figure 1 Figure 2 

3 

4 'X 

(b) A mould for a section of concrete piping is made by rotating the region bounde·d by 

the curve y = ~ and the x- axis between the Jines x = 0 and x = 1 through 
v4-x2 

one comph~te revolution about the line x = 3. All measurements are in metres.(see 

Fig~,~re 2) 

(i) By condidering strips of width Dx parallel to the axis of rotation, show that the 

volume V m3 of the concrete used in the piping is given by 

I 3-x dx 
v~l2nf .J4-x' 

0 

(ii) Hence find the volume of the concrete used in the piping, giving your answer 

correct to the nearest cubic metre. 
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(c) P(p.;) and Q( q,~) are two points on the rectangular hyperbola xy ~I. 
midpoint of the chord PQ. 

M is the 

(i) Showthatc'>e chord PQ has equation x+ pqy-(p + q) ~ 0 2 

(ii) If P and Q move on the rectangular hyperbola such that the perpendicular 

distance of the chord PQ from the origin 0 {0,0) is always .J2. show that 

(p+q)' ~2(1+ p'q') 

(iii) Hence find the equation of the locus of M, stating any restriction on its 

domain and range. 

Question 15 ( 15 marks) 

4 

(a) A body is projected vertically upwards from the surface of the Earth with initial 

speed u . The acceleration due to gravity at any point on its path is inversely 

proportional to the square of its distance from the centre of the Earth. 

(i) Prove that the speed at any position x is given by 

' ' '(I I) v =u +2gR ;-]i 

(ii) Prove that the greatest height H above the Earth's surface is given by 

H 
u'R 

2gR-u2 

(iii) Show that the body will escape from the Earth if u 2: ~2gR 

(iv) If u = .J2gR, prove that the time taken to reach a height 15R above the 

surface of the Earth is 42 /R v2i 
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(b)The diagram shows the graph of y = f(x). On separate diagrams sketch the graphs of the 

following. Clearly indicate any asymptotes and intercepts with the axes. 

J' 

~li (1,1) 

(~A 
-2 I 0 I ""'r:;:;:-~""'X 

(i) y = In[f(x)] 

I 
(ii) Y = f(x) 

(ill) Y = -lf(x)l 

... 

(c) Sketch the curve showing vertical and slant asymptotes. 

f(x) 
x 2 -3x-4 

x+3 
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Question 16 ( 15 marks) 

(a) A particle P of mass m kg is tied to the midpoint of a light inextensible string of 

length 40 em. One end of the string is fixed at point A, and t.he other end is fixed 

at point B which is 32 em vertically below A. Particle P inoves with constant speed 

v rnls in a horizontal circle around the midpoint of AB, while both sections of string 

AP and BP remain taut The acceleration due to gravity is g ml s 2
• 

A .. 
I 

le 
I 

32lcm 1 
I 
I 
I 

~ .... [ ... -- .... ; I .... 
I I 

\ t------. -:-~ p 
...... I ~ ....... 4-----

1 
I 
I 
I 
I 
I 
I 

B 

(i) Draw a diagram showing the forces acting on the particle P. 

(ii) Find the tension in each part of the string in terms of m, v and g. 

(iii) Show that v :<: 
1

3

0 
~, for both strings to be taut. 
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(b) A car travels at a uniform speed of v ml s around a banked circular track. The track 

is inclined at an angle B to the horizontal and the car moves in a horizontal circle of 

radius r. The car experiences a normal reaction force, N, from the track, a vertical 

force of magnit>..Ide mg due to gravity and a sideways frictional force, F, acting down 

the slope. This information is shown in the diagram below. 

N 

(i) Resolve the forces along the slope and perpendicular to the slope, 

or otherwise. Hence, find expressions for F and N. 4 

(ii) A track of radius 200 metres is banked at angle of 25° to the horizontal. 

Find the speed of cars around this track if there is no sideways friction 

force. Assume that g = 9.8m Is. 2 

(iii) A motorist is riding around the track at 90 kmlh. Find the frictional force 

experienced by the motorist and in what direction. The combined mass 

of the car and motorist is 1500 kg. 2 

END OF TEST 
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