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Time allowed for this section
Reading time before commencing work: 5 minutes
Working time for this section: 50 minutes
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Formula Sheet
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SECTION ONE
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Structure of this paper

Number of Number of . .
Section questions questions to be Worlflng tme Me_tlrkbsl
available answered (minutes) avarable
Section One:
Calculator-free 6 6 50 40
Section Two:
Calculator-assumed 10 10 100 80
120
instructions to candidates
1. The rules for the conduct of Trinity College examinations are detailed in the College Diary.

Sitting this examination implies that you agree to abide by these rules.

Write your answers in the spaces provided in this Question/Answer Booklet. Spare pages are

included at the end of this booklet. They can be used for planning your responses and/or as
additional space if required to continue an answer.
e Planning: If you use the spare pages for planning, indicate this clearly at the top of the page.
e Continuing an answer: If you need to use the space to continue an answer, indicate in the
original answer space where the answer is continued, i.e. give the page number. Fill in the

number of the question(s) that you are continuing to answer at the top of the page.

Show all your working clearly. Your working should be in sufficient detail to allow your

answers to be checked readily and for marks to be awarded for reasoning. Incorrect answers
given without supporting reasoning cannot be allocated any marks. For any question or part
question worth more than two marks, valid working or justification is required to receive full
marks. If you repeat an answer to any question, ensure that you cancel the answer you do not

wish to have marked.

It is recommended that you do not use pencil except in diagrams.
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1. (Fmarks)

2 4 -2 2
Given the matrices B = and C =
-1 6 -1 0

(a) (i) Determine the matrix A such that A = BC

g" i’
1y % -

|

i

(ii) Determine the matrix D such that D1 = B
-
D=E
D - { ?’ = -4 \7

i r 2r
The matrix E = ( }
4 r

(b) Determine the value(s) of r for which the matrix E is singular.
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2. (9 marks)

Let z=42(1+1), 2 =2i,and z,=2

o
= o et

(b) Zy H ;? 5‘?? f,;
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(d)

. o
z
s bl
] R P
o N - /
= £es FI% S

. Express the following in exact polar form:
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3. Qg marks)

(a) Solve 23 = -27 expressing your answer(s) in polar form.

-R7 = 27

(b)

Sketch your solutions to part (a) on an Argand diagram.

Im

N o
&
; =
P ey
s 4
P
- — Re

A w -,

(©)

What is the sum of the three roots found in part (a)?
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4. (8 marks) !
20+ é)
Let flx) = |x+3|+ |2x + 1]
(a) Write f{x) in piecewise form / [3]
~(’:£«!«§)*(2><.”) x €3 ,
e s () - (2xr1) yeq oo, /
Sy ()
X< -3

N e 2
(b) Sketchy = f(x) y [3]
7 | 10 ! 4
N\ 1/ S
T~
& N
-5 I 5
() Solve |x+3|+ |2x+1|<5 (2]
77
s 7an
- 7 !
/.3
%}f i C” vy ’:M //
o0 o=/
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5. (4 marks)

(a) Below is the graph of y =f(x) . On the same axes, draw a graphof |y|= |[f(x) |

[3]
Yy
A
10 ’
== B x
-10 ) 10
» p 1
-1U
(b) Describe geometrically how y = f( |x|) differs from y = f(x) [1]

% P05t o olomain o g“”‘/
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6. (5 marks)

Let z =rcis(6) and suppose that In(z) = x + iy

Show that: In(z) = Inr + (8 + 2kn)i where k is an integer

Jn i

e
r

[

[y

)

o

v
n (s (@-aTt))

2/
Z 2 ,{é{l}j?%géi \i s
2 {f r e : / v
o+ 278
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7 5
In © o, rant) I~ €
v xfl AY ; é‘/ij/
In 4 (C+ TR )L
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Additional working space

Question number(s): ......oiiiiiiiiiiinnn.
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Additional working space

Question number(s): .......ooeiiiiiiininnnn.
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Additional working space

Question number(s):  ......coiiiiiiiiininnn.
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MATH EMATICS Please place your student identification label in this box
SPECIALIST 3C/3D

Section Two:
Calculator-assumed

Student Number: In figures

In words

Time allowed for this section
Reading time before commencing work: 10 minutes
Working time for this section: 100 minutes

Material required/recommended for this section
To be provided by the supervisor

This Question/Answer Booklet

Formula Sheet (retained from Section One)

To be provided by the candidate

Standard items: pens, pencils, pencil sharpener, eraser, correction fluid, ruler, highlighters

Special items: drawing instruments, templates, notes on two unfolded sheets of A4 paper, and up
to three calculators satisfying the conditions set by the Curriculum Council for this
course.

Important note to candidates

No other items may be taken into the examination room. It is your responsibility to ensure that you do
not have any unauthorised notes or other items of a non-personal nature in the examination room. If
you have any unauthorised material with you, hand it to the supervisor before reading any further.
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Structure of this paper

Number of Number of Working time Marks
Section questions questions to be ang i
available answered (minutes) available
Section One:
Calculator-free 6 6 50 40
Section Two:
Calculator-assumed 10 10 100 80
120

instructions to candidates

1.

The rules for the conduct of Trinity College examinations are detailed in the College Diary.

Sitting this examination implies that you agree to abide by these rules.

Write your answers in the spaces provided in this Question/Answer Booklet. Spare pages are

included at the end of this booklet. They can be used for planning your responses and/or as
additional space if required to continue an answer.
e Planning: If you use the spare pages for planning, indicate this clearly at the top of the page.
¢ Continuing an answer: If you need to use the space to continue an answer, indicate in the
original answer space where the answer is continued, i.e. give the page number. Fill in the

number of the question(s) that you are continuing to answer at the top of the page.

Show all your working clearly. Your working should be in sufficient detail to allow your
answers to be checked readily and for marks to be awarded for reasoning. Incorrect answers
given without supporting reasoning cannot be allocated any marks. For any question or part
question worth more than two marks, valid working or justification is required to receive full
marks. If you repeat an answer to any question, ensure that you cancel the answer you do not

wish to have marked.

It is recommended that you do not use pencil except in diagrams.
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7.

(10 marks)

Given the points M, N and P with position vectors m = 2i + 3j — 4k, n = -3i + 2j + 2k and
p = 3i — k respectively, determine:

(a) 2m‘3P 7 - \;‘g [2]
[N H
/ / }
| = /
\ -5 /
(b) |n]|asanexact value [1]
v 17
(c) awunit vector parallel ton _3 \\ (1]
I
— 2
Ty o2 )
\
(d) the angle, to the nearest degree, that n makes with the positive z-axis. [2]
,§ A a .
ol /) /g \; = §0. 9 <
\ e i\ 3 f/[
5
(e) the distance between M and N 2]
> - - Jer  /
ﬁ;ﬁ =/ 9 \} v ff\«*}f“?"‘:g = V6L
-6 /
(f) thevalueof o suchthat oi + 2j + ok is perpendicular to m. [2]
/20N § o \
? . E ® ﬁ [4 X = Q /
T R VI
i\\ w%ﬁ 4 % - j
-~ D
2 ¥ 6 -9 T
“ e - =h

& = F 3 Page 3
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8. (6 marks)
Consider the following polar graph:

- \556‘:—“” e

(a) Determine the equation of the spiral. (2]
T . #
rekE — 3 o
, . ‘{\ - @ v
& = R gi;f I } e 7
(b) Determine the polar coordinate of the point of intersection of the spiral with a
circle of radius 2. [2]
A = %:ii {7 i ’ oy f;x 3 27/ ?‘
71 N 17 L 3 5‘
?;;; z > e V’/

Determine the exact distance between the point found in (b) and the end point of
(2]

(©)
the spiral.
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9. (9 marks)

Triangle ABC has vertices A(0, 0), B(2, 2), C(2, 0).

(a) Determine the image of ABC under the transformation { 1 2} , indicating clearly
the new vertices A', B'and C'. / ’ 1} [3]
B 2 2] o ¢ ng
Lo 2 0, Loz o]
A (0,0)
B (4,2) /
¢ (2,0)
(b) Let A"B"C" be a triangle with vertices A"(0,0), B"(6, 4), C"(0, 4). Describe
geometrically the transformations that map ABC onto A"B"C".
(3]

[Hint: Draw a sketch of the two triangles.]

z | 1o
L : i A
; P i/
i (v
C & B
r
| frt €47 /
/ FEA L # Ly —elh s
‘f; v
4 7 N;f ¢
— / 1 LT 7 = P
i ]
Y
A 6

(c) Hence or otherwise, determine the transformation matrix M that maps ABC onto
AIIBHCH. ‘a« [3]
a

o~ By S
o s .
F -
70 /
P ~ -
o5
W= j7
‘ [ 2 o |
Lo~ al
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10. (8 marks)

(2]

Describe the following region in the Argand plane

()
4
| c ;
8::% fm{l%f? '37 {
s
(b)  Sketch the following sets of points in the Argand plane.
(i) f{z:|z-1|€1land|z-1|<1} i [3]
A/ N
(i) {z:z+z=4} i [3]
2Re(z) =4
Relz) =2
v S >
k!
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SECTION TWO

11.

(5 marks)

The matrix P is non-singular and it can be shown that P + P’

19 30

known that P =
12 19

Determine the matrix P

L,
{

R—

0
R
Lo
L]
{0

bt

£
9 30 7 5Tl
I : ! 7/ I a
P § - T
- g | ! - f
- o | &7 -
. -
| AU 59
Y iy
- 7 B {
a e -5 3 ’m I
o U < P - I
g, S 2 9 (] o0 !
/
- Z
5’\8 < -3
s

0 10 o
. Also, it is

b d

I

i

! s
H 4
; #

{ 174

§

MWMV_WM’NW}
X,
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12. (10 marks)

Scientists in the tropics studied the changes in a

colony of a new species of slater. Their
observations of female slaters indicate that:

* %of the female newborn slaters survive to

be 1 month old
. iof the female 1-month-olds survive to be

2 months old
e Only the 2-month-old females give birth to eight female newborns

e Female slaters survive for 3 months, at most.

(a) Represent this information in a Leslie matrix.

I ) {; O O % “? 4
- ; ]
e o o ;
| |
Lo 7 o |
L//

The column matrix js, represents the initial female population of the colony:

24| Newborns )

PoF o /
M,=|12| l-month-olds le A az
6 | 2-month-olds

(b) How many newborn female slaters in this colony will survive to be 1 month old?
[1]

3%

#
P

Determine the percentage change in the total female slater population after one
(2]

(©)

month.
- 71 ! r -7
R T N B A 4 = yad
L 5 } ‘é o \L,» i ;‘
v Iy
oo e <7 7 /
I 1 o0 = j@ o

&2
,;r”x e iis'd i
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(d) Determine the percentage change in the total female slater population after three
months compared with the initial population of this colony. Describe what this
(3]

result represents?

s

[y {
L

Q = ‘12 /

(f)  In the long term, describe the growth of this population [2]
he 63 Sl 42 63 s 4

2 2T Yo
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13. (12 marks)

A hot air balloon takes off 20 km north of a country town called York. The velocity of

¢ the balloon is given by the vector 5i — 16j + 2k km /hr, where the vectors i, j and k are
~ - , unitvectors in the direction east, north and vertically upward respectively.
, (a) Write down the initial position vector of the balloon. [1]
& /
/0
/7 ,
{‘ 20 | fo v v/
(b)  Write down the position vector of the balloon after 30 minutes. [2]
v , J
VA RN EAR
4 é [ - /6 i = ; Pz fE
L % |
(c) Determine the speed at which the balloon is moving. [2]
ool I
- b [+ A/
I,
or [ ff A

oF

5
§
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A second balloon takes off from the centre of the town of York with velocity given by
the vector 5i — 10j +1.8k km/hr

() ()

If both balloons leave the ground at 6 am, at what time will the two balloons
be closest to each other? Give your answer to the nearest minute. [4]

= /Y
H - 4 ] T
77 (S R & H
rd 5' 1
= t/ a
L0 ;
i
% e
MilE S

; H - 5 4TI
; .
. e
e} s @ ; -
20 . 20 . r . 2/ 9 -
BP = BA -+ £ 4 n : 2 Ars @5{;} s
:,) o |
= ‘ PR e
e L , - 2 o -
% 4 P
% a,2 f o P L o
(ii) What is the closest distance between the two balloons? Give your answer to
the nearest metre.

[1]

Loy Vol
R = Vo
J o
e /
- O C6E b
/

s v

{f;"" é&% ™
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14. (8 marks)
Determine, in parametric form, the equation of the line containing the two points
[3]

(a)
(5, -4, 6) and (-7, 12, 2).

~ 1% Py
74 ERE D A ¥ >
S o 3 % ot & o ,;{' = S ; é }
/
e I s Vi 2
o S S [ SN V wp ¢ - )
H -~ / £ ¢ - —
= ’ d - ‘f} &f .
- 7y 3 i e . a 5
Z = L 0+ Yok o [ A

Determine the point at which the line found in part (a) intersects the plane
[3]

(b)
dx + by -2z =18

.
o
mf/
.
TSN
o
L
S
\vvvw‘ <
"
o

# A s
7 oy ¢ Fim 5% & - 77
e o O R A
Lo
1 /
3\ - — ’
2 FF
7 s

e
T

&

Vs i S 2 I
pe = /77 / N

= { g o\ Vv

% 3 1

% . f

Y AT \\% =3 ;

5 [ L Gy 7 3 e /

fL "7 o A

(c) Determine the equation of the plane perpendicular to the line found in part (a) that
passes through the point of intersection found in part (b). [2]

?4,‘:;
Al
i N e
1 ;. F - 7 ¥ ff
¥ ¢ - CA o F v
s T — e, L4

o

o
[
""‘M“W‘,Wﬂﬂ‘“’w
S .
%
e
[$2N
MMWMWM "

T B
AT B T O
~ U w /
. I ¢ Page 12
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15.

(6 marks)

An equilateral triangle has vertices P, Q and R where P is the point 1 + Jg i in the
Argand plane. The centre of the triangle is located at the origin. Determine the complex

numbers representing Q and R, expressing your answers in Cartesian form.

9,
i -y
i’% ! RO 7 s &f’;
N A e & i = o Lba 2‘
rd
vfg
v ,ﬁ“‘ﬂ 7 “ ¥
@?/ = o 1o
e
7.
2= /O e
o 2 o
W L2 5
[
& 2

",
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16. (6 marks)

Let z=a+ bi be acomplex number.

It is given that the quotient 270 s purely imaginary.
Z -

Show that z lies on a circle and determine the centre and radius of this circle.

7 C~ / -

P ] .

£ - G+ he -¢

e [N

P . Ly o ;
H 43 o

7 ¢
5 fL oy
b a +{o-7)
e v
Fd 3 /v
fie - { + 53 <
L 4 § I N L A
- Ef?i}i e oy - ""/}{ Mfkij;-«;/ji
N 6 2
v
# ‘E
a{ 8- /; . }
-~ L 4 y,
e B }
(-1)" + 5
$ e .
s
/4 7 -1 -
e ]
7
7
i
7
¥
/’ &
‘f
é{f
f S Page 14
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