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Given that I is the 3 X 3 identity matrix,
(a) (1) show that there is an integer k£ for which
AB—-3C+kI=0
stating the value of £

(i1) explain why there can be no constant m such that

BA-3C+ml=0
4)

(b) (i) Show how the matrix C can be used to solve the simultaneous equations
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(i1)) Hence use your calculator to solve these equations.
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where r >0 and 7< 0 <«

(b) Show, on a single Argand diagram,

(1) the point representing w

(ii) the locus of points defined by arg(z + 10i) =

SSHE

2. (a) Express the complex number w =4+/3 — 4i in the form r(cos® + isin6)

(c) Hence determine the minimum distance of w from the locus arg(z + 10i) =

Wy
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With respect to the right-hand rule, a rotation through 0° anticlockwise about the
y-axis is represented by the matrix

cosd 0 sinf
0 1 0
—sind 0 cosé@

The point P has coordinates (8, 3, 2)
The point Q is the image of P under the transformation reflection in the plane y = 0

(a) Write down the coordinates of O

The point R is the image of P under the transformation rotation through 120°
anticlockwise about the y-axis, with respect to the right-hand rule.

(b) Determine the exact coordinates of R
(c) Hence find |ITR)| giving your answer as a simplified surd.

(d) Show that PR and P_Q) are perpendicular.

(e) Hence determine the exact area of triangle POR, giving your answer as a surd in
simplest form.
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Question 3 continued

0%

CRIIRXKKK

o%
KRIKRKARKARARAKAKRH

CRIIIIILLLLRIS
RRRELKS

I
QIRREIRKKEIHIEL
:.0.0.000

O
O

3
059

XX

55

&
X
%
2
o

<
%
4%
O
L
olotels

09 %
e
X)

XX
XXX

XX

0%
>%
bootesess

hogotess

R
X
XX
0%

O
XX

%

&S

%
oS
%S
20K
09

oY
<
XX
o5

X

éf’

208
ZRRLS

258
258
XL

00

20
o%
%

000

‘0
XK

<5

X
K

00

bt
S

S
&

XX
X

5

X
X
%
o9e%
%%
X

%
X
20%

%
o

XX
K

K

%!
o8
258

5

<5

X
<
R

X
%

XX
X

X

%3

S

oo

000

<5

2
o

000,

<5

%S
%S

S

X

%3

X

oS

XK
%5

o

o%
ol

S

K

QL
SRS

XX
ofe%0%e;

RS
RRRK

:%%%%
X
%
KR
XL

K
&

000

%

020

¢
X
25
bt

09

000

5

o5
ol
XX

<5

5
2%
K
258
KRRKK

3RS

XK
St %ot
RIRLRKS

OO
IIABK
S teotetetoteds
X XK
X KRR
doSotededs

0
KRRKKS
<

O

X XK KKK
XX

000
%
355
X KK
SRR,

K
<

RS

X

ZRRLZRLRRLRELS

o

12

KRR
Sootetotelte!
SoSotetotelel
KKK
KL
doeteee!

2555
5
%5

(OOARS
2K
RS
R

%
XL

O
RORKRK

1 Retetotetete!
Wotetetetotetete!
5 S02000%e %0000
dSoteleteotetetetotete!
KGR IKIRRKRRX

950

9%
X X
Y7

$%%

QOO
RIS
RRRILLRAILS
3RRLRIS

88
OIS

$0e%%

0900000002000 %000 %% 0.% 0%
X

00000200000 %0 %0009 %
O ORIRIRIRKS

X
b

dototetototetotetetotetotetotet
58K,

XK IIRER IR R KIIKKKK

<

QIR IIKR KRR
o5

09020000000 00000000000

19%%
2505050598
X

OIIIIAAAAAA
XX

%S

020!

::::::00000000000
RS
XS

O X

<>
5
>
.V
KK,

R
%

%
S

o0

0%
de3e%

%
dop-<lo%%
Jo% o!o’p:o

O 00000~
X X

%
5

K
HRRRRLLLLKS
258

%!
L
002!

%
5%

X
KL
<

<X

0SS
0%6%%%
690%6%%%
096%%%
’*&%ﬁ%
'COO0S

¢
5%
Sodeses
K%
KKK

9%
X X
5

XK
RKKL
Sotetototet
3SR
S Sotetete!

X

e

bo%es
bates
35

3585
%5

RHLKS
205059598

RHLRKS

SRR

XIS
S
S S
BILLLL

%S
oS %
QX
%0 %%
05050595

X RKIEKIKKXRL

e e v ¢
ORI IHIRLRIIAS

000000
ORI

XK RKKIKKRKL
RIS

000
RRES
QIR

KK IRK KRR
KKK

X X
XL

%%

R

X

bt

3R
<
5K

&



SR o \
2RIKS
40505050%0% e
S0RLRL QLR
KKK 25K
2R 2R
2RI 3RS
%5
SRGLLRS $XRRIKS u i i u
SRR 230K 1 1
2R 2R
KRR SRR
SRLLLLS S

000
2K
ol
A Oo%
S
P05

XS

Pasetetetose

\RE
Wy

Sobol

XK

okoces
e2e%e%

L]
XA

<)

SRS
KA
AN
%%v&)‘..
=
S

o
" =
RIIARRS
LR
dosaseseses
IR
GRS
KRR
LR
L
KRR
LR
LIS
KRR
SRR
LIS
KRR
S0RLRL
SRR
L
KRR
SRLRL
SRR
LS
RAILRL
SKIGRR
05 e 00 5
SN XS 0%
CUBRL X NS
SSPNKS 150
& ALP
955 & Jo%et 09 93]
SRR 055
XX 5>
5% o0
PO ]
&5
O
o Vs 059

e
X

SPPPE
CRAIIXD
KRS
o30=le%
QB

- 3%
<5
o
%
X
:’:’03&
SRR SRR
KRS RS
KRR SRR
SRRIIE SRR
KR 2GRS
SRRREKS SRR
&5 35S
KRRRLK R8s
SRR SRS
2RI 250K
355 255
SIS I
LRI SRS
2GR 250K
<5 255K5
SRIRRKS KKK
SILREKS SRR
SR 20K
KERREK LRI
ILRIKS SR
SR S0
25 0L
SRIRRKS RHKKS
SRR SRR
R IR
120308 S8R
L
o
% v 2 L
-4
25 S QSONELS,
S OKS SSRELS
9% @ 1008 SIS
kS S
e >
X
<
9 298 D08, e o]
SRS Soswetet
00 %08 Do ]
IR LS
5 SIS
& ave
- ¥,
o .
<) ']
2SS oogadl
Sy &
SOOI QS
eSS 05 g,
090 —=J0So B oo wolel

XX
20058
(03
5o
620

¢
%
"
\l
AN
(oted
2R

>4
53

o
XX

<
<
L
b
o
&

S5,
SIS KLGEL
&%
KATRS bose, & ot
% Fale%e! LS,
35 20! SRS
SRS SRS
00 ot bo%e! &%
% Sl
KIBLKL SRIKEK
Sototetels QKKK
e Setoteel dletodes
KIRREK LRI
Sototetels SREEKK
2K Sotetotoe!
%ﬁ%&‘ &%ﬁ%& 1 1
LXK KHLLR (TOtal for Questlon 3 1S 8 marks)
R Sotetotote!
SRR KRS
Setetee SRRLLRS

13
(. Turn over »



7

4. The roots of the quartic equation

are a, ff, y and o

Making your method clear and without solving the equation, determine the exact

value of

(i) o2+ + 92+ &

L 2
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Question 4 continued
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5. (a) Use the standard summation formulae to show that, for » € N,

n
(3r2 —17r - 25) = n(n2 — An — B)

r=1

where A4 and B are integers to be determined.

(b) Explain why, for k € N,

rtan(60r)” = —k+/3

Using the results from part (a) and part (b) and showing all your working,

(c) determine any value of n that satisfies

n 3n 2
(3r2 =17r = 25) = 15| Y rtan(60r)’
r=5 r=6

C))

(2)
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Question 5 continued
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6.

22

The surface of a horizontal tennis court is modelled as part of a horizontal plane, with
the origin on the ground at the centre of the court, and

* iand j are unit vectors directed across the width and length of the
court respectively

» ks a unit vector directed vertically upwards

* units are metres

After being hit, a tennis ball, modelled as a particle, moves along the path with equation
r=(-4.1+92-232)i+(-10.25+154)j + (0.84 + 0.81 — )k

where / is a scalar parameter with 4 > 0
Assuming that the tennis ball continues on this path until it hits the ground,

(a) find the value of 4 at the point where the ball hits the ground.

The direction in which the tennis ball is moving at a general point on its path is
given by

(9—-4.64)i+15j+ (0.8 —21)k

(b) Write down the direction in which the tennis ball is moving as it hits the ground.

(c) Hence find the acute angle at which the tennis ball hits the ground, giving your
answer in degrees to one decimal place.

The net of the tennis court lies in the plane r.j =0

(d) Find the position of the tennis ball at the point where it is in the same plane as
the net.

The maximum height above the court of the top of the net is 0.9 m.
Modelling the top of the net as a horizontal straight line,

(e) state whether the tennis ball will pass over the net according to the model, giving a
reason for your answer.

With reference to the model,

(f) decide whether the tennis ball will actually pass over the net, giving a reason for
your answer.

2

(1)

C))

€))

(0))

(2)
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7. Prove by mathematical induction that, for n € N

4 7

-5 9\ (1-6n

—4n
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28

ba:se tc:>p
v R
0 X
Figure 1 Figure 2

Figure 1 shows a sketch of a 16 cm tall vase which has a flat circular base with diameter
8 cm and a circular opening of diameter 8 cm at the top.

A student measures the circular cross-section halfway up the vase to be 8 cm in diameter.

The student models the shape of the vase by rotating a curve, shown in Figure 2,
through 360° about the x-axis.

(a) State the value of a that should be used when setting up the model.
(1)

Two possible equations are suggested for the curve in the model.
45 Y
Model A yv=a-—2 sin(;x)

x(x - 8)(x + 8)

Model B y=a+t
100

For each model,
(b) (i) find the distance from the base at which the widest part of the vase occurs,

(i) find the diameter of the vase at this widest point.

(7
The widest part of the vase has diameter 12 cm and is just over 3 cm from the base.

(c) Using this information and making your reasoning clear, suggest which model is
more appropriate.

(1)

(d) Using algebraic integration, find the volume for the vase predicted by Model B.
You must make your method clear.

C))

The student pours water from a full one litre jug into the vase and finds that there is
100 ml left in the jug when the vase is full.

(e) Comment on the suitability of Model B in light of this information.
(1)

(-8,4) /\ (8,4)
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7

Question 8 continued

(Total for Question 8 is 15 marks)

TOTAL FOR CORE PURE MATHEMATICS IS 80 MARKS
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