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1. Given that

(@) write down the exact value of

() |2.2)|
(i) arg(z,z,)

Given that w=z,z, and that arg(w") = 0, where ne Z*

(b) determine

(i) the smallest positive value of n

(ii) the corresponding value of |w"|

(2)

3)
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Question 1 continued

(Total for Question 1 is 5 marks)
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The matrix A represents the linear transformation M.

Prove that, for the linear transformation M, there are no invariant lines.

Le. .
paiokt gn Ehe Lne.

(5)

(4 -2\ = \_f x
X

\
\s 3imx+c/ (mx'sc)

' Q)
x'ac

M

[Ux-2(mx+c)) _/
5x +3(mx+c)) |

fiest rowt X' = Yx ~2ma-2¢c

~ second row: M +C = 5x + 3w + 53¢ ® O

sulo_ () inks @ Lo eliminake '

VNI

n

m (Y - 2mac -2¢) = 5x +3mx + 3 ()

7

(
x(u.m -?,m_z)“ch x(‘f)f-f%m) + 3¢

compore cogRRuents:

YUm -2m? = 5 +3m

Im*-m+5=0

discriminant: (N -4q(2Y5) = -29¢0 ()
s0_no ceak SouHons

< here are NO Invarialk lines @
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Question 2 continued

(Total for Question 2 is 5 marks)
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f(x) = arcsinx -1 <x«<1

(a) Determine the first two non-zero terms, in ascending powers of x, of the Maclaurin
series for f(x), giving each coefficient in its simplest form.

(4)
. . . .
(b) Substitute x = > into the answer to part (a) and hence find an approximate value for =

Give your answer in the form where p and g are integers to be determined.

< |

(o) = arcsinx f(0)=0

Y
L= (1-2%) 2(D £'00) =

-3/

phx) = -2 (~gaX1l-2%)  £"0)=0
z -3/9

coe(l-x%) (1)

[x) = (1-2"

-5)(-2x)1-x2) BN ORNOR

3 flx)= 0+ 2oc+ Oxt + L -

f(x) = x + x> ()
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Question 3 continued

(Total for Question 3 is 6 marks)
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4. In this question you may assume the results for
Zr3 , 21’2 and ZI"
r=1 r=1 r=1

(@) Show that the sum of the cubes of the first n positive odd numbers is

n?(2n2—1)
()
The sum of the cubes of 10 consecutive positive odd numbers is 99800

(b) Use the answer to part (a) to determine the smallest of these 10 consecutive positive
odd numbers.
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Question 4 continued

= () (2(n+@)*-1) = (-0 (2(n-N"-1) = %4300 O
(0% +13n + Q1202+ 3bn + 1)) = (02 -20+1 ) 2n-Ya +1) = 99800
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Question 4 continued
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Question 4 continued

(Total for Question 4 is 9 marks)
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5. The curve C has equation
y = arccos lx
2

(@) Show that C has no stationary points.

The normal to C, at the point where x = 1, crosses the x-axis at the point A and crosses

the y-axis at the point B.

Given that O is the origin,

(b) show that the area of the triangle OAB is 5L4(p\/§ + g+ r\/§7r2) where p, gand r

are integers to be determined.
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Question 5 continued
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Question 5 continued
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6. The curve C has equation
r=a(p +2cosd) 0<0<2r
where a and p are positive constants and p > 2
There are exactly four points on C where the tangent is perpendicular to the initial line.
(@) Show that the range of possible values for p is

2<p<4

(b) Sketch the curve with equation

r=a(3+2cosh) 0<0<2x where a > 0

John digs a hole in his garden in order to make a pond.

()

1)

The pond has a uniform horizontal cross section that is modelled by the curve with equation

r=20(3 +2cos0) 0<f<2r

where r is measured in centimetres.

The depth of the pond is 90 centimetres.
Water flows through a hosepipe into the pond at a rate of 50 litres per minute.
Given that the pond is initially empty,

(c) determine how long it will take to completely fill the pond with water using the
hosepipe, according to the model. Give your answer to the nearest minute.

(d) State a limitation of the model.

] 1 :d'x-

—

db

|\

(7)

1)

=
\!
~
m
O
(%)
@
\

a(p+ 2c0s8) cosB

= 0Posd +7acos?O

\

sind (ap + Yacosd) =0

56 eitner sSinB=0 or ap +Yo(osB =0 @
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Question 6 continued

op +Yacos6=0

I8 ) ’ 3 csB=-F

so_cosB>-1, ‘g >~ 2 pPLY

cosD #-] 1 bhg case

m " using SuMmetry
J-J S
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Question 6 continued

T
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J

0

= YOO {16 + 1ZsinD +<inZB | (1)
=400 [ (lm+0 +0 -(0+0+Q)]
4400 ()

Valowe = YYOOT x 90 = 396, 0001 cm? (1

1 litre = 1000 cm?

11

Volume = 29LT litres

Hme = valuime 29t = 24.93) ...
rake SO =925 minvkes (neacest miavke) (D
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Question 6 continued
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7. Solutions based entirely on graphical or numerical methods are not acceptable. S8

y = arsinhx i

<
peteetore
v
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<
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EIRSLS
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S HE
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SRR

<
it
KV
258

S
¥ 2o
fedsien
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:
:
1%
- DO o008
Figure 1 SR
B
. . . SR
Figure 1 shows a sketch of part of the curve with equation 558
S5
- CCARRAL
y = arsinhx x>0 K
%
i . . . S8
and the straight line with equationy = KK
% %

The line and the curve intersect at the point with coordinates (o, /)

1
Given that g = ) In3

D
oo
KIS
X
posecezeocd

1
(@) show that a = ﬁ o

3)

The finite region R, shown shaded in Figure 1, is bounded by the curve with equation
y = arsinhx, the y-axis and the line with equation y = f

The region R is rotated through 2z radians about the y-axis.

(b) Use calculus to find the exact value of the volume of the solid generated.

(6)

) sloin u=zpR=M3 o u=arsishx
7 J 7/ Z J

od. using arsinhz = [ Z +9 2Pl

0 '_IzLS:M(xh[sz) & NhH

z | are equold, Ehe quankkian tremselues
;‘g = 1“"JIZ+I 2

&C._oJsO oovua,( .

n

l/CC7'+I

0 22 +]

J’g - X Square

3 Q8 +a”
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Question 7 continued
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Question 7 continued
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Question 7 continued

(Total for Question 7 is 9 marks)
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8. (i) The point P is one vertex of a regular pentagon in an Argand diagram.
The centre of the pentagon is at the origin.

Given that P represents the complex number 6 + 6i, determine the complex
numbers that represent the other vertices of the pentagon, giving your answers in the
form re

(if) (@ On a single Argand diagram, shade the region, R, that satisfies both

1 1
|z—2i|<2 and anargzggn

(b) Determine the exact area of R, giving your answer in simplest form.

(i) P

b+ 6L

(5)

(2)

(4)

Pl=J6%+6* = 6J2 (O

o~| o~
)
]:
S)

arg P = EOI\—‘

N
N | 3H

~,

6 O

T
Pez =679 (k=0)

_emi (1) {
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Question 8 continued

(Total for Question 8 is 11 marks)
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9. (a) Given that |z| < 1, write down the sum of the infinite series

1+z+22+28+ ...

1
(b) Given that z = E(cose+ ising),

(i) use the answer to part (a), and de Moivre’s theorem or otherwise, to prove that

2sin@

1. 1. 1. _
Esm0+ Zsm20+ §3|n39+... = 5 4c0s0

(if) show that the sum of the infinite series 1 +z +z2+ 23 + ... cannot be purely
imaginary, giving a reason for your answer.

1)

(5)

(2)

—0) geometric progression wikh =1 , r=2

b)(1) | +2 +2%+.-

i \ i A
= | + ( ~ (cosB +isinB)] +( L (cosb +isind) )
L / \ 2 /

3

. \
+( — (cosB +isinD) ] +
\ L /

IV NG/

= | + ZL (cosB +i5g’n9) + -L:—(COSZB +£Si026)

r -8‘-(cos?>9 +(5in38) +--- ()

seporaking real N i{Y\o\%in(mj pPorks:
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Question 9 continued
using, [+Z+2%2+.-- = ._ia :
J =2
¢ - (1) )
1 _ | [ -7 ~ 1-Z¢€
(- Z | -1 ¢® o - (- 1e® 169,
2 '—2° 4§ 9 4
= U-2¢° - 4-2(cosB-SI0) (3
5=-2(e®+&®) 5 - 2(2c0sb)
= H-7cosB + Zisin®
S-YeosP

' Naru gorts.
J Jr

15ind 4 1.5in20 + L 5ip8B+... = 2SO

2 4 b S -Ycosd

(i) f [+ 2+22%4+- - is purely imaginary, the read port =0
5 Y-7c050 =0

S~ Ycosh

U-2cosb =0
cos® =2 (D

Ao sdukions, a3 ~1£ cos@ <!, so Here will oluoys be
N,
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Question 9 continued
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Question 9 continued
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Question 9 continued

(Total for Question 9 is 8 marks)

TOTAL FOR PAPER IS 75 MARKS
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