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3CDMAS — SECTION ONE Semester I Exam - 2011

Structure of this paper

Number of Number of Working
\ . . Marks
questions questions to be Time available
available attempted (minutes)
Section One .
Calculator-free 5 S 50 minutes 40
Section Two 11 11 100 minutes 80
Calculator-assumed
Total marks 120

Instructions to candidates

1. 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

a. Planning: If you use the spare pages for planning, indicate this clearly at the top of the page.

b. 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.

2. 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 answers you do not wish to have marked.

3. It is recommended that you do not use pencil, except in diagrams
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Semester 1 Exam - 2011 3CDMAS — SECTION ONE

Question 1 [1+2+2 =5 marks] A

A

In the diagram shown, OAEBCDFG is a cube with
the origin at 0.

Let i, j and k be the unit vectors along the x, y
and z axes respectively, as shown.

let OA=a, OB=b and OC =c.
F G

(a) Find an expression for @, b and ¢ in terms of i, j and/or k, given that |a| = |b| = |¢| =2 [1]

g = L J
L= 34 v
= =LK
(b) Find OF and OF interms of i, j and k. [2]

OF ~ =2k +2i ~ 2 J v
(¢) Prove that FE and AB are perpendicular. [2]
FE =2 2k AB = Z‘J‘f 2

h

= (0‘0!27 <2/?’/D> /

00,2 (2,20) =0 /

€ __ZLM% GEN
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3CDMAS — SECTION ONE Semester 1 Exam - 2011

Question 2 [2+1+1+2=6marks]

A plane IT is such that it is parallel to i + j, perpendicular to k, and passes through - (i + j + k).

(a) Find the vector equation of the plane II. [2]

/F“”'}JU w FOS?A% veetor (i,-i,-15

Falay o ik ‘ ‘
foa,rp.,//uf b v = 1,0,0> ("’ " 7 /\(1,0,0)?» 4{.(0/’;0?/‘/
av A /O T - B, ) _O/@

IO Gl N ( s,07 f:(“f,-f',-lh/\(}4,6;o>+/t¢1/40,_0>

there ABcp cre cmj Niipude,

(b)
¥ Find 3
pounts on
the plane
+ Wuf'k'
ouwt L duwechrvy

Find the normal equation of the plane II.
f&WLW o k- - <Ko,0,i7
rormed = LO,0,1Y
LA = & . r—r(otoﬂ>:"/\//
Vedtvrs fev r.<o,0,i17=4<- b=l - X &, iy
fate) x

__~(¢) —Find the Cartesian equation of the plane IL.

[1]
(xi‘.j[z>.(oto/|>: -, : Z;"’,
(d) Find the point of intersection of the plane IT and the line r = (22 + 1)(i + j) — 1k [2]
1AL .
" . oAt o) =l

—A i
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Semester 1 Exam - 2011 3CDMAS — SECTION ONE

Question 3 [3+2+3+2+3=13 marks]

. . : . 1 0 0 1 1 2
Consider the following transformation matrices: T; = [0 _ 1] T, = [_ 1 O] Tz = [O 1]

These transformation are performed in the order Ty, T, and then Ts.

(@ Describe the type of transformation performed by each matrix. 3]
T, = )’C/r lechion oves X Oxd s v
Tr = dockwise pofolun 90°
T; % lwwjm'q’z,( shoor ﬁu/ta/ c{ 2 v

(b) Find the matrix T, which will perform all three transformations in a single step. [2]

= LER TR L]
=0 L P s e T e

(¢) Rectangle OABC is shown below. Find and sketch rectangle O’A’B’C’ obtained
using the transformation matrix found in (b). ~ A° ' el [3]

ERIE RN

i
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3CDMAS — SECTION ONE Semester 1 Exam - 2011

(Question 3 continued)

(d) The matrix below contains the vertices O'M’N’P” of a shape transformed using Tj.
Find the original vertices OMNP. [2]

0—314]
REY N Ve
O 6 1L /
]:__1_{]4 B =2 v ) o 1[0 73 /-f]
- 0021_ ,‘g_a\rc)ozzh
panpz [ 002 [y

(¢) The transformation matrix T, is applied to the line y = 3 — x.
Prove that the new line obtained is perpendicular to the original line. [3]

e
el O_ 3-‘9 ._P (C = e A
| @ M = *3
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Semester 1 Exam - 2011

3CDMAS — SECTION ONE

Question 4 [1+2+3+2+3=11marks]

; : d —
Find an expression for d—i for each case below. Do not simplify your answers.

(a y=x?sinx?

‘11: ok 2 Stv\%l 4—(17') C?,Jr.) Cos N

[1]

 H

(@) v=(2x)* (Hint: apply the natural logarithm on both sides)

,&J: 3n n 2L v

,/oly

—
—

J olx
d -y [ste 26 + 3]

——

ol

ol

3 4 20+ 30 (2

[3]

)y v

dy _ (2 )M[?x&l 2¢ 42 V7
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3CDMAS — SECTION ONE Semester 1 Exam - 2011

(Question 4 continued)

dy y=Int*, x—e’ (leave your answer in terms of x) [2]
% £ Z‘E = Z o—{art = 'el‘é
ot ¢ o

dlj ie At _ 2 f o =

i gl = - X - ot :
0{7{' ‘t e - te

f_@ - v

@(rt te dx T ox da x

() xsiny—ysinx=m 4 \/ [3]

(1 Sin(y) tx (o4(y) dy - [(ﬂ Sin(x) éj Y (103(1)] =0
ol ol

GW\@) Foxws (9) O_Ej - Sw\@t]@ -:jcoSij =0
ol ol

0{_‘1 _ g cos ) - sn(y)

ol v’

W (o @j — St (1)
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Semester 1 Exam - 2011 3CDMAS — SECTION ONE

Question 5 [5 marks]

Perform the following integration.

(Hint: Refer to formula sheet provided for a suitable trigonometric identity)

f(cosx)3dx
[5]
- j Cos (&) Ce)sz@) A n v

- f Cosé) (- Ssm*@r) olx
- f CosGe) = Cos(r) sin (1) olnt

:f (os (&) ~ f cos () sm’(’;c)e»{n |/
o

Sin() —  Sin ;(x) +c

3

v v

J-
2(7./ g Co S(0) 5:»1@:

END OF SECTION ONE
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(Deliberately left blank)
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PERTH COLLEGE
Year 12

Semester One Examination 2011
Question/Answer booklet

MATHEMATICS
SPECIALIST 3CD

Section Two
Calculator — assumed

Student Name:

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

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

Question/answer booklet for Section Two

Formula sheet

To be provided by the candidate
Standard items:  pens, pencils, pencil sharpener, highlighter, eraser, ruler

Special items: drawing instruments, templates, notes (both sides of two unfolded sheets of A4
paper) and up to three calculators (CAS, graphic or scientific) which satisfy 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.



3CDMAS — SECTION TWO

Semester I Exam - 2011

Structure of this paper

Number of Number of Working
. . . Marks
questions questions to be time available
available attempted (minutes)
Section One i
Calculator-free > > >0 minutes 40
Section Two .
Calculator-assumed 1 1 100 minutes 80
Total marks 120

Instructions to candidates

1. 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

a. Planning: If you use the spare pages for planning, indicate this clearly at the top of the page.

b. 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.

2. 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 answers you do not wish to have marked.

3. It is recommended that you do not use pencil, except in diagrams.
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Semester 1 Exam - 2011 3CDMAS — SECTION TWO

Question 6 [ 3 +2 =15 marks]

—
(a) Find the acute angle between the plane 7 - ( 1 ) = 5 and the line x;l = y:l = Z;Z. [3]
& X"' 3 n_' ‘L
— = =3+
[r\.HO“
Cos 6= <-2,137<3,%°%7
it . 22
= , 3) - 13 v
2, x _23 (30%
X ol 2 137.79° Y

o % Qcute yabie of 6= 422

‘?D"m /7(2f2/9$ aeg a/ﬁ/-e, be,thL line 4 477?0v/

Tolene
—k F
(b) Find the value of k so that the vector (k — 2) is normal to the plane 3x = 12 + 2y + z. [2]
8—k
[N -.!lcj =T=13
r.o <3-2,717= 1 o =520

Lodok, R, 8Ky = A 3Ly

3A= —K
24 k2 Vo ke
*__/\',‘- X*'K
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3CDMAS — SECTION TWO Semester I Exam - 2011

Question 7 [2+3 +2+5 =12 marks]

(a) The line L, passes through the points P(2,—1, 3) and Q(—2,3,1).
Find the vector equation of line L. [2]

P8 =GPz <2,3,15 - 2,137
= <H¢qu‘2> ‘/

Lz r=s42,-4294 A (~4 %25

(b) The line L, is perpendicular to line L, from (a), and intersects L, at R(—2, 3, 1).
Find the vector equation of line L. [3]

L). = r = o + A
= (‘213,)7 + A (a}b,C>

(a;blc->°<"‘f}“l,'-27 =D \/ L1 B o [y

Co= b=? =06 ¥
L, > r=¢2,31 >+ A L,oy v

(¢) Find equation of the plane IT that contains both L, and L, found above. [2]
TE L2549 F AL ~%%,=2Y +.ali,l, 0 7
v’ v
O~ O

r. £1,-4Yy7 k) = = SmILAR
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Semester 1 Exam - 2011 3CDMAS — SECTION TWO

(Question 7 continued)

(d) Point S(4,—3,5) is at a certain distance from both lines. /;
Which line, L, or Ly, is the closest to point S?
Show clear evidence to support your answer.

[z £2,-1,37+A4 {~H4,4,-27
¢-2,3,17 +AS o7

=
)
|

Sh=A=S = {a -, ~1+UA,3-24% = (4-35)
(-2-4A, 2+ 4A, 227>

Sh . (drt) =0
(‘*l~HA}quA/—;—2A>e<fH,4,~2>:@

\ -5
5 B4lbA TR+ 1A+ GHt YA =O s ATTE
<A “2 4 (3 = : 2 _%
B2 (2-468) 204 (),22(5 = <% 5,75V
\Sal: 2 - D«9428 units v/

3
Sp = B9 (-2t 31, 1D (83507 S6td, bth,THY
(ﬂdu" rn):O

L orh,btd, -7« <1407 =0
~b A +6EAZO

A=O

L6, by =R

56 =
“gy:ﬁ%:qﬁ%umﬁm/

L 15 closest 2 S \/

15
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3CDMAS — SECTION TWO Semester 1 Exam - 2011

Question 8 [6 + 2 = 8 marks]
Triangle ABC has its vertices at A(1,1,1),B(2,1,2) and €(0,2,1).

(a) Find the exact value of all internal angles of triangle ABC using the dot product. . [6]

e =8-~= (20,2 -, 1) " A
= Loty -
RC = A= <o,2,15- K1,y < L, o0V
R TS R ‘

C03 (A): Q@)(AC) - Lf,0,|7-<,~|/|r0> /

48] JAci 2 .2
A= 1w Vv
{RI: Iﬁ_gl , MOS‘(.&[C/_) /e = 82300

v

(b) Point P divides the segment BC internally in the ratio 1: 2.

Find the coordinates of point P. [2]
oo g L Re
E L P 2 . e Bt g BE
= i =
Pz B+ 3 (¢-3)
p= B+ Lc- L3
- |
> =B+ =
. Pz 38+ 5 C
. [ il
= / ' = ’ (#H>> — ( \,/
P= = (11c) Pg | zee )5 51
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Semester 1 Exam - 2011 3CDMAS — SECTION TWO

Question 9 [2 4+ 3 + 3 = 8 marks]

(@ Solve: |1—x?|=|x+5| [2]

x >3
(b) Use an algebraic method to solve: [|2x + 1| < 2|1 — x| [3]
2x 4+t QCl-X-) ot | ¢ -2 (I~7L)v/
2 £ 1 C 2-1x 2x +1 & -2 + T
. £
= No So In /

¢!
?’,\Lf /

(¢) Use a graphical or algebraic method to solve: /1 + |x]? + 2x = |1 + x|
Explain your answer. [3]

\1 Complss Torte  E5tmeucalind v
// |

v ER V

Al Fas (10,

hue AL R
Vellue of ﬂ/

0/2,/\/—\-—\

7

7 1R xhu:/*uﬂb/‘

=] )



3CDMAS — SECTION TWO Semester 1 Exam - 2011

Question 10 [4 marks]

Use first principles to show that the derivative of y = (2x + 1)? is Z—i’ =4(2x+1) (4]
. C N\ ‘ ¢
Ley= x4+ Ferty= [2 e +17]
= G a? floc

=l + Exh + 4"
- bhx Gt !

g‘j: ,ém, p(;ruf"\3'“ f(n) \/
ol B

I"\f‘)c» L

p 3 QMZ* Ooch + U7+ G FOblo+ 1) —( 4x PHexd)
h=o - ;\/ P

= Wi Sxh & 4LT +hA
h>e h

. A {x + kh +%
h=>o

- Goc + 4 = /e fz)g.-/() v’
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Semester 1 Exam - 2011 3CDMAS — SECTION TWO

Question 11 [6 marks]

A fish of species P each day consumes 8g of food A, 5g of food B and 3g of food C.
A fish of species Q each day consumes 5g of food A, 3g of food B and 2g of food C.
A fish of species R consumes 3g, 1g and 1g respectively of food A, B and C.

A given environment has 310g of food A, 170g of food B and 115g of food C.

(a) Use a matrix method to find the population size of the three species that will
consume exactly all of the available food in:

(i) one day. :X’FD/T:)P " P [2]
Qx-i—S:)«x-zZ:E}O -U——P'T‘y?e e
@) Lor #394% EF V7o Z’PTB(};R
& =" : TeThL
| 2o Type P> 20
g 5 3| (X {4 4F fo
Yl= | 70 T~ o= 1S o /
5 3> | 7 5 1pe FIS H
5 b l T\j Pé’_ E: 25
(i) five days. [2]
{ 8 63 = > e 4., P~ &
Zlss |27 e /o
Z [t Ao as BT
31! 4 pe ] 7
9 r"« L= Fist
(b) Given that there were 10 fish of each species in an environment, use a matrix method
to determine how much food of each type would be required each day. [2]
(g < 3)(lo (b0
¢ 3 ‘ 10 = b0
(o bv
L3 |

g of A oy of B 60y of C J/
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3CDMAS — SECTION TWO Semester 1 Exam - 2011

Question 12 [5 marks]

Heat is applied to a spherical ball so that it expands while preserving its spherical shape.
When the surface area of the sphere is exactly 7 cm?, it is increasing at the rate of 50 mm” per second.

Find the rate of increase of the volume of the ball at this instant. [5]
S/_\: YTy v ¥ = g Mr 5
A, Sowifscc  ak  SATTem”
o
Find dv Qjé@ - 3T e A
o= ST Are e dy . 20©

SLi ”d’;”’gwr\/

ol = 4xITx25
dv - dv . dc
dl Jdr ok \/

av oo« 5 _ ,MM;/QC\/
ot G
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Semester 1 Exam - 2011 3CDMAS — SECTION TWO

Question 13 [ 6 marks]

A curve is defined implicitly with the equation y — x + 3e™ = 1.
Find the exact equation of the tangent to this curve at the point (2, 0).

Show ALL working. e [6]
(M) &y _ (1) + 3 (-!)-@/’7 dy =0
ol am
dy L
C]r.,/ [ =32
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3CDMAS — SECTION TWO Semester 1 Exam - 2011

Question 14 [2+2+3+3+4 =14 marks]

Evaluate the following integrals, showing sufficient working to justify your answers.

(@) f 2x% + 3x .

2
7 x (2]
}/z ’/L
= f Zx + 33X oAx
g/z 3/2_
- L X F 2 .
5/2_ 3/2'
S It
. f* 2 © +C ‘/\/
5
1
(b) Ny 2]

t/
aain
a
{
(\J
&
=
=
X

R
-‘-.
o

[

i

™~

|
(Y
P
3~
™

5
(©) fmcxfl-i-xzdx (iuess y E Q_HLL) | 3]
7 e dy' . 5 (1622)* (2%)
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Semester 1 Exam - 2011 3CDMAS — SECTION TWO

(Question 14 continued)

1
(d) f m dx

| r Y Ldwsz 14/
- e ol u /
2 f : ] s e EL
(I X ) [ e
:-—f ‘i Q{BL odu 0—(}: 2 /> \'/
2 w x dAdu« Au
= f l ‘ Z '/_x' 0{6L \/
7 A 1{-7(.,
e f —! cjbt. = /ém, /L{r/ ¢ = u/,:_ /if-f)c/ /
- .
x+ 2
(e) (x + 1)(x — 2) dx (Hint: partial fractions) [4]
/. A L L x42
‘/ T &=2) G
= ¥ i obb i
3 (x+1) 3 (-2 AOe2) + BOCH) = oet2
Ax + Br = ¢
= ‘ 4 5 ___’_ An -2A B =12
3 _7:1 3 z2-1 S A4B8=1 -2A4B=1
A= -1 = &
v | v’ 3 -
-V hn xre) ¢ H Lo |x2] +c
K 3
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3CDMAS — SECTION TWO Semester 1 Exam - 2011

Question 15 [1+3+2+3=9 marks]

Salmon can be bred in large ponds for commercial purposes.

A particular species of salmon lives to four years of age. The survival rate of this species in their first,
second and third years is 0.5%, 7% and 15% respectively. It is known that females only reproduce
during their third and fourth years of age. Each 3 year old female can produce 5 000 female offspring,
while each 4 year old female can produce 2 000 female offspring.

A new pond is started with 1 000 of each 1, 2, 3 and 4 year old female salmon, including an
appropriate amount of males.

(a) Find the Leslie matrix for this population. [1]
- o @) S ovo o0
& ©
L - 00 S &
O 0 07 ¢ v \/
(& O o5 o

(b) Showing working to support your answer, find (to the nearest whole number) the total
female population after:

(i) 1 year [1]
(Cvv
(ove |- Jopo 225 v~

[ 1] x L x o Yoy

(ii) 2 years [1]

lov™ o
: . b350lo-¥S
| lm -—

{0V

(iii) 5 years [1]

g [l 93379 204l
oo x Lo+ Ta 98379L  fonade

3 -

R Ad - 4 /

Vi
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Semester 1 Exam - 2011 3CDMAS — SECTION TWO

(Question 15 continued)

(¢c) When will the female population be more than four million again? [2]

oo - | 5 | 3
[(‘Hl]”’L’“ | oo i b d 3

/
i s ke

(d) After 6 years the salmon population is badly affected by disease, and hence the survival
rates have decreased to 0.2%, 5% and 10% for the first, second and third years respectively.
Determine whether the population of salmon is increasing or decreasing due to the disease.

Show clear evidence to support your answer. [3]
o o) S VLSO
& (D]
L | _ O -00L & o o
- © 608 |
© o 0 o

‘O’ﬁo""z
Puhial = Pg ‘BH_} v

%1&7

XIH!P}L AT
il L e s e

i \\] Llw . —0
i)gcvkmé\hj
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3CDMAS — SECTION TWO Semester 1 Exam - 2011

Question 16 [2 + 1 = 3 marks]

Consider matrix A = [ = L+ x]
L= =—x
(a) Show that A = [2]
¢ { e X "o L+t
&(1-T =P | = S
7 L
. *r 4 (— ot n t - ‘/
y I L 3 T /
X —JX = 2 |- X + 2¢
= [jl © i(
O \
(b) State the restrictions on x, if any, for A* =1 [1]

Aﬂl: A :b A C;u\/tw/‘(! Lta/
Singdas - %17¢9
._,y(rlf (( "11> 71:0

_a - | a2t FO

—_’ ;L - B /\/0 s %’lt '}lmg
v

END OF PAPER
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(Deliberately left blank)
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(Deliberately left blank)
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