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Extension 2 Mathematics

Question 1 (15 marks) Use a SEPARATE writing booklet

(a)

(b)

©

@

&

®

Find J'Jce“J dx

J'1+xdx

1+x?

Find

. dx
By completing the square find J —J=_~—
6x~x*

Decompose into partial fractions and hence

3
(x+3)(2x+1)

5
find j de

Use the substitution ¢ = tan x, to find
J- dx
13-5cos2x

Given that _[f(x)a’.x = J'f(a —x)dx prove that
0

0

E4

Ixcos2xdx = I(n—x)costdx and hence
[

0

evaluate jx cos2xdx
0

Question 2 (15 marks) Use a SEPARATE writing booklet

1+J§i

(a) Given z= — , determine
1+i
O
(i1) Arg(z)

(b)  Find the square root of 21-20/ in the form a+ib

(c) What is the locus in the Argand diagram, of the point Z

which represents the number z, where zz- 2(2 + ;) =5

(d)  The point A represents the complex number a and the

point Z, represents the complex number z,. The point
Z, is rotated about A through a right angle in the positive
direction to take up the position Z,, representing the

complex number z,. Show that z, =(1-i)a +iz,.

(e)  Find the Cartesian equation of the locus of z if

. z-1 1
@ z2+1] 2
z-1 n
A S
W ae(35)-3

Marks



Question 3 (15 marks) Use a SEPARATE writing booklet

(a)

®

()

®

(in)

Show that the equation of the tangent to the hyperbola

x? )’2 i s 202
— =1 at the point (Aa,)’l) 135 ;zl"“b_zl=

Prove that the tangents to a hyperbola at the end points of
the Jatus rectum through a focus S meet at the foot of the

directrix corresponding to S.

Marks

The base of a solid is a circle of radius 1 unit. Parallel cross-sections

perpendicular to the base are equilateral triangles. Find the volume
of the solid.

Given the equation Frxy+yt =12

®

(i)

(iii)
(i)

c_i)_/_—(y+2x)
dx xX+2y

Show that

Deduce that vertical tangents exist at (4,—2) and (-4.2)

and horizontal tangents exist at (2,—4) and (-2.4).
Show that the curve is symmetrical about y = X

Sketch the curve showing these tangents and the intercepts

on the coordinate axes.

2

Question 4 (15 marks) Usc a SEPARATE writing booklet

(2

(b)

©

CY

O

®

Use the substitution x = 5tané to find
dx

3

(25+x2)3
Find J.sin" xdx

If @, and y are the roots of £+ px+q=0,find, in terms
of the coefficients

@) a+pry

(i) (a+ﬁ~2y)(,[3+7—2a)(y+a—2,6)

Find the condition that x* —3p”x+g =0 has a repeated root.

If @, B and y are the roots of x* + gx+r = 0 form the equation

whose roots are a?, % and ¥

Given that 1-2i is a zero of the polynomial
P(x) =x-5x* +11x~15
@) Explain why 1+ 2 is also a zero.

(ii)  Find the other zero.

Marks
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Question 5 (15 marks) Use a SEPARATE writing booklet Marks ' Question 6 (15 marks) Use a SEPARATE writing booklet Marks

2 2
(a)  The equation of the tangent to the ellipse E;+ Z_z =1 atthe 4 (a)  Show thatsin(d4+B)+sin(4- B) =2sin Acos B 1
a
point (a cosé,bsin 6’) is bxcos@ + aysin 8 = ab . Two points T
Evaluate J sinSxcos3xdx 2
are taken on the minor axis at the same distance from the centre 0
as the foci. Prove that the sum of the squares of the perpendiculars (b) A particle is projected vertically upwards in a medium which exerts

from these points to the tangent at (acos#,bsin 9) is a constant. a resistance to the motion which is proportional to the square of velocity.

The velocity of projection is V.

®) A torus (doughnut) is formed by rotating the circle P+yr=1 4
around the line x = 3. Use the method of cylindrical shells 1o find (i)  Show that the acceleration (x ) is given by x = ~(g+07) 1
the volume of the torus. (i)  Find interms of ¥ and k the maximum height aftained and 4

the time taken to reach this maximum height.
(© Two circles intersect at A and B. A line through A cuts the circles 4

at M and N The tangents at M and N meet each other at C.

Prove that M, C, N, B are concyclic. {¢) If x,y and z are positive and unequal, prove that
() x+y-2m>0 1
(i1) (x+y)(y+z)(z+x)> 8xyz 2
@
) A body P of mass m travels with constant speed v ina 2

horizontal circular arc with radius of curvature R ona
surface inclined at an angle @ to the horizontal. If there

is no tendency for the body to slip sideways show that

2

tan@ = —
(d) Prove that for all(real) values of x, 3 ke
et <1 (ii) A railway line is taken around a bend of radius 1 000 metres. 2

The distance between the rails is 1.5 metres. At what height
above the inner rail should the outer rail be raised to eliminate

lateral thrust for an engine travelling at a speed of 40 lan per hour

round the bend? (Take g =9.8ms™)



Question 7 (15 marks) Use a SEPARATE writing booklet

(a)

®)

©

(d)

Use Mathematical induction to prove that 5" 21+4n

(1) Differentiate secx

(ii)  Prove that

"I tan” xsec xdx = tan"” xsecx —(n - 1)_[tan"‘2 xsecxdx.

Hence or otherwise, find as a surd, the value of

If the middle term of the expansion of (1+ x)" is the greatest

Y:M
7,

T
and also —2Z

n+l

term, prove by considering expressions for

that x lies between 1—-—1— and 1+l
n+l n

The graphs of y=f (x) and y =11 are shown. On the sheets

provided draw a neat sketch of

ONSENE)

() y=

1

Marks

Question 8 (15 marks) Use a SEPARATE writing booklet

(a)

()

@) Express —4 +4/ in mod arg form.

(i)  Bytaking z=r(cos@+isind) and using de Moivre's
theorem show that the roots of z° = -4 +4i

are givén by

2=2[ cos X 1 isin X% | where k =3,11,19,27,33
20 20

. 1 .
Give a sketch of the curve y = L for #>-1. Indicate on
+1

your diagram areas which represent log(l + x)
(i) for x20
(i) for-1<x<0

and hence show that if x> -1,

i—;<log(]+x)<x.

Deduce that if »is a positive integer,
% <log(n+1)-logn< 1
n

n+

The roots of x° +5x+1=0 are a,f,y.6 and ¢

(i) Write down the values of

Sa,YaB, Y afy, )y abys and afyde

(ii) Prove that the sum of the eleventh powers of roots of

£ +5x+1=0is zero, (thatis &' + " +3" +8" +¢£" =0)

Marks
1
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