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SECTION 1

Instructions for Section 1

Answer all questions in pencil on the answer sheet provided for multiple-choice guestions.
Choose the response that is correct for the question.

A correct answer scores 1, an incorrect answer scores 0,

Marks will not be deducted for incorrect answers.

No marks will be given if more than one answer is completed for any question.

Take the acceleration due to gravity to have magnitude g m/s?, where g =9.8.

Question 1 ot Qy 1
The graph with equation y :W has asymptotes given by

A.

B.

3 Xt —x—
x=—— x=2andy=1
2

3
x=—-5 and x=2only
X 3 2 and 0
,=-—"x=— =
5 Y
3
x=——2—, x=2andy=0

x==and x=-2 only
2

Question2  2©11 @b

A rectangle is drawn so that its sides lie on the lines with equations x = -2, x=4, y=—l and y=T7.

An ellipse is drawn inside the rectangle so that it just touches each side of the rectangle.

The equation of the ellipse could be

A.

Xyl

s = s

9 16

(x+1)2+(y+3)2=]
9 16
—~132 _n2

(x91) +(y163) i

(x+1)? +(y+3)2 _
36 64

(x~~1)2+(y—3)2 -1
36 64

1

SECTION 1 — continued



Question3 2011 &3

The graph of y = f(x)} is shown below.

All of the axes below have the same scale as the axes in the diagram above.

1
The graph of y=
Sx)

A.
y
A
1 Lo oL X
Y.
\_/
C.
y
\|

is best represented by
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B.
y
4
i 1 L] O /
D.

SECTION 1 - continued
TURN OVER
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=xp is

dy
dx

oo

The diagram that best represents the direction field of the differential equation

A.

20172

Question 4
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Question & 2o ? L

2
4y —x and = & Y _0 atx= 0, then the graph of ¥ will have
dx— ax

.. 1
A. alocal minimum at x= —2—
a local maximum at x = 0 and a local minimum at x =1
stationary points of inflection at x =0 and x =1, and a local minimum at x = —

a stationary point of inflection at x = 0, no other points of inflection and a local minimum at x = —

5 F O W

a stationary point of inflection at x = 0, a non-stationary point of inflection at x = | and a local minimum

atx=—
2

Question & 200 @QVE

The volume of the solid of revolution formed by rotating the graph of y = 9~ (x—1)* about the x-axis is
given by

A, 4n(3)?
3
B. #f(9-(x=1)?)dx
-3
.
C. ﬂj(«fQ—(x—l)l)a’x
-2
4 2
D. 7 [(9-(x—1)) ek

-2

2
g (912}
4

SECTION 1 - continued
TURN OVER
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Question 7 20 lz?" Q7
If z = rcis(#), then Z? is equivalent to
A, ris(36)
B. ricis(-0)
C. 2cis(36)
D. rcis(d)
E. rcis(36)
Question 8 Loz Q9P
The principal arguments of the solutions to the equation z? = 1 + i are
T On
A, —and —
8 8
T Tn
B. ——and —
8 8
I b
——and —
C 7%
D Im and ]
8 8
3 T
E. ——and—
4
o2 @9

Question 9 ot |

The definite integral _[ _—
3 xlog, (x)

A. u=log,(x),a=log,(3), b=log,(4)

B. u=log, (x),a=3,b=4

C. u=log, (x), a=e,b=¢

,a=e3 b=¢*

. ) 1
dx can be written in the form J —du where
u

SECTION 1 - continued



Question (¢ 2012 Q\l
The distance from the origin to the point P(?, -1, Sﬁ) is

& TR

B. 10

C. 6+5V2

D. 100

E. 5J6

Question 1| 2013 Q'3

Letu=4i-j+k,v=3j+3k and w=—4i +j+k.

Which one of the following statements is not true?

A [o[=|v

B. [ul=|-v|

C. u,vandw are linearly independent
D. uv=0

E. (u+w)y=12

Question 13 203 & :{\ 1
Consider the differential equation ek

> m with y, = 1 when x, = 0.

2013 SPECMATH EXAM 2

Using Euler’s method with a step size of 0.1, the value of y,, correct to three decimal places, is

A. 1.033
B. 1.063
C. 1.064
D. 1.065
E. 1.066



Questioni3 2k as

3
If the complex number z has modulus 242 and argument TH . then z° is equal to

A. -8i

B. 4i

C. 242
D. 22
E. -4

Question i 20k Q6

Given that i” = p and i? = -1, then i*"* 3 in terms of p is equal to
Re pP—i

B. p*+i

C. p?

D. -ip?

E. ip?

Question V> 2ol @/

The sum of the roots of z> — 522 + 11z— 7 =0, where z € C, is
A, 1+ Z\Ei

5
g3
23

5

= & 0 F

SECTION 1 — continued
TURN OVER
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Question 16

A zi|=]z+]

B. |z-3-2i|=|z-5]
c. |z-3-2i|=|z-10i|
D. Im{z)=0

E. Re(z)=5

Question 17

zoenke O
The circle | z—3- 2i| =7 is intersected exactly twice by the line given by

2ot @O

A large tank initially holds 1500 L of water in which 100 kg of sait is dissolved. A solution containing 2 kg of
salt per litre flows into the tank at a rate of 8 L per minute. The mixture is stirred continuously and flows out

of the tank through a hole at a rate of 10 L per minute.

The differential equation for O, the number of kilograms of salt in the tank after / minutes, is given by

A.

4 _16-22
dt 750 —¢
.Cj__Q_—IG._.i.
dt 750 +1¢
§Q=16+ 2
dt 750t
dg _ 1000

di 7501t
PO ¢ 2
dt 1500 ~ 2t

SECTION 1 — continued
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Question |3 1ealh ;1S
I£ 0 s the angle between a =31+ 4~k and b=i—4j+3K, then cos(20) is
4
A 5
B L
25
L,
25
b
25
£ -2
23

Question ~ 19 20l Q1§

Two vectors are givenby a=41i+m j—3k and b=-21i+n j—k, where m, nel’,

If |a|=10 and a is perpendicular to b, then m and » respectively are

A. 543, %
B. 53,3
G 38,8

D. \/ﬁ%

E. 5,1

Question 20 LOM o 100

If %: J(2x°+1) and y =5 when x = 1, then the value of y when x = 4 is given by
4
A («/(2x6 +1) +5)cix
4
B. jl (2x5 +1) dx
4
C. L (2x5 +1) dx + 5
4
D. L (2x5 +1) dx =5

B [{V@x+) -5)d

SECTION 1 — continued
TURN OVER
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SECTION 2

Instructions for Section 2

Answer all questions in the spaces provided.

Unless otherwise specified an exact answer is required to a question.

In questions where more than one mark is available, appropriate working must be shown.
Unless otherwise indicated, the diagrams in this book are not drawn to scale.

Take the acceleration due to gravity to have magnitude g m/s?, where g = 9.8.

Question 1 Lot Gy
Consider the graph withrule |z -7} =1 where ze (.
a.  Write this rule in cartesian form.

lz-z] =1

lf)é-’f(:b{«i\"_ll
e ly 0L
DGLAe (‘3!—"()1;[

Dém“‘ (»r-—\y— =\

L

~J
2 marks
b. Find the points of intersection of the graphs with rules |z~ |= 1 and | z— [ |= | in cartesian form.
T 1 A" 2.
g *(qu} = (DC»—l) ~
) |
T + 1 T
Pl -k\_("“?—‘-,*k = T .-2';@-\[«‘(
- - 7
- 2 “r - - —2_ plN
L:{_\ — X s (,AL\Q_;—L— I'L, cireles M—Lefsr? ¢+

QU ~ e« (:]‘ D RS * :,j 2 marks
=

T
I ' "'2).:.—\\ = O

'2-7;.2,— 2)(» =

b3 ()L —{)3 <

fo po™ be @t (OJ O) N (l . (>

SECTION 2 — Question 1 — continued
TURN OVER



2011 SPECMATH EXAM 2 12

c.  Sketch and label the graphs with rules | z—i|=1and |z—1|=1 on the argand diagram below.

Im(z)
( Z ~C l ;\
\Zl _l_f' -8 C\\rtie) f‘;(
Ceatre ot gia
ol AP e

o i e ;

L nal}/

-3

2 marks

d. i, Find the equation of the straight line which passes through the points of intersection of the graphs
withrules |z—i|=1land|z—1|=1.
Express your answer in cartesian form.

alread., Qom./uft Heo S .
J J

SECTION 2 — Question 1 — continued
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ii. The straight line found in part d. i. can be expressed in the form z = gz where a € C.
Find the value of a.

D 4 Loy :cn/x—c‘w‘ Kz (l {)
J e
|« ¢ = ox(% - 53
{42
o= V- €
L% & /'\_j_:i
T YTl Cah onalise
2
~ 2
= L

I +2 =3 marks

i. Shade the region {zjz—1|<1,zeC} N {zfz-i|= 1.z eC} on the argand diagram in
partc.

ii. Find the area of the shaded region in parte. i, j
[‘/\'Lé’f 5 C'!N::--\ 3 HLQ Sc’((_)&.«. .g"\;;g,g,

.M_ Ll
A ta 6*(‘\ . 5 jme ,:)L /?/"\ d

(
Sedpr A- 7 a"\@’

L
Sajme“i A= 7 r /‘é’f — C,;\A@B r‘;/z‘i—’@
-l QJ- He c(\—c,(e { + 2 =3 marks

Total 12 marks

W APAZ:
\
le(/““g’”‘f

CAC ol crg SL\::&JQCQN rc'j-ao/k Tis o\ow\o[—& '\%gg Sefww't*

SECTION 2 - continued
TURN OVER
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The region in the first quadrant bounded by the ellipse, the coordinate axes and the line y = 20 is rotated about

the y-axis to form a volume of revolution, which is to model a fish bowl. Values on the coordinate axes represent
centimetres.

b. i Write down a definite integral in terms of y which will give the volume of the bowl.
- 'JL.”L {1 OB
o0 ot qen =
2 wfd N
\/; ! ( Pl 0&;1 )(,L % ;{,Zg; (q_{ﬂj = ow
& - i 5
i fe 2 2 _x
e Y (;—. (1&99 - /Lr-—lo) 09‘1 e [(“Oa ? (.(I _{o)

ii. Evaluate the integral in part b. L. to find the volume of the bowl. correct to the nearest cubic centimetre.

Ule CAS

3
\/ -~ ‘LZ;_ 200 cw~

2+ 1=73 marks
Now consider a different fish bowl for which the volume ¥ cubic centimetres of water contained in the bowl
is related to the depth / centimetres by

. 3‘35(800 +20h = h2)

dh 36
Water flows in at a rate of 500 cubic centimetres per minute.

e. At what rate is the depth rising, in centimetres per minute, when the depth is 15 centimetres?

Give your answer correct to two decimal places.

y 4V
[\IQLF( %Lf ZZ; ;-i-g&)f) CM/,;\,.\,\‘_ s\ em J/H‘M
(,t L !w-c?(] H‘ T,
e o /z‘i{’ w% L = i.g C
Al AL Ay o — (oo

AP UENCEE %i-(goomu_u)

1

oo e 15 AL — . ¥ 500
b7 /Bz"(goow,ou;——(s“”)

2

3 marks
~ O.2¢ cw/r“w\. Total 10 marks

SECTION 2 — continued
TURN OVER
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Question ) ol D72
2 —10)2
a.  Sketch the ellipse with equation L G-10r =1 on the axes below.
400 900
Write down the intercepts with the x-axis.
¥
A
50 l
‘ agd
- 0 kel \\
30 o
VOS.AN
/ . /1 \ ﬂ';l@
20] \
/ A' | - thae et cokar d
2 t / o row ~ 8 ‘3"""-'(’
| =
|
—2& -10 | @] 10 ]20

\\..._
iy} r
30 : ;
| |
| 40
| 30
[V\Jrzrre,/oJ uﬂ’t W — @S - u).L.,rc cj s %
1
> oo
—_—
Lo ¥ Tavo = |
2= _ &
Loo = 9
3202
i -
Yo = 1 oy
oo
se= % \F;/ AN [

4 marks

SECTION 2 — Question continued
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OABC is a parallelogram where D is the midpoint of CB.
OB and AD intersect at point P

— —
Let O4A=a and OC =c.

C D B
<
0 = A
. —___> _) . . — .
b. i. Giventhat AP =a AD, write an expression for AP interms of o, a and c. 2 marks
Ad = AR ~ 18C
- ¢ - oa
e = o (c-ha)
— — —
ii. Given that OP = OB, write another expression for AP interms of #, a and c. 1 mark
s, 'Y =g — - S
OR = oA + Ab Pe - Po + oA
— —
- Ao <of
— 1 \ = - N
P&?:“OH"-IBBTP: Af = -oa ~GSF
b ——4’;-{» ﬂ(@ac‘) = —-a L{?Qf.@c '—a,(ﬁ,.\ﬁt»p(_
iii. Hence deduce the values of @ and /3. 2 marks
\
o (C"TC?-\ = (ﬁ—{}pg,{
(
X ¢ —3xa zZof3-a B¢
\
X = 3 xa :a(ﬂ-l\ <pc
\
fe a - oa
{;, & X = ﬁ o ;!@

"

. = 4
V=3 & SECTION 2 — continued
s % P =3 TURN OVER
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Question 3 (10 marks) 2<'6 &3
Leta=3i+2j+k and b=2i-2j—k.

a. Express a as the sum of two vector resolutes, one of which is parallel to b and the other of

which is perpendicular to b. Identify clearly the parallel vector resolute and the perpendicular
vector resolute.

(-

5 marks

pondel (a1
) perp . ff—“" (QIE))-E]
(&1 = (.—5{?* L K\ ﬁ (2:‘-2_;-1?.\

= *(’3 /3)&1——2,«.2—13

ot

F— pasmlled @uo(;_La\

, L
32&1&%‘?_- ‘t(?ﬁ—?.:—(a_\
25 . ?:9,. ¥=) 7
- "'Ef— ¢ & Ty~ & h — (Jd-‘pe,m.ﬂﬁ:cu-l(x_f

oA = f%/lé—lg;h\l+%(gc‘+ik}+LLu\/

SECTION 2 — Question 3 — continued
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Question 4 (12 marks) 2c'b @ L

At a water fun park, a conical tank of radius 0.5 m and height 1 m is filling with water. At the same
time, some water flows out from the vertex, wetting those underneath. When the tank eventually
fills, it tips over and the water falls out, drenching all those underneath. The tank then returns to its
original position and begins to refill.

Water flows in at a constant rate of 0.02z m3/min and flows out at a variable rate of

0.01z+/h m3/min, where # metres is the depth of the water at any instant.

a.  Show that the volume, ¥ cubic metres, of water in the cone when it is filled to a depth of
3

/i metres is given by V=%h ; 1 mark
o e AL A L 43
Vo3 etk 2 a3Vl = 3w gl
. 3
= o= el -
b.  Find the rate, in m/min, at which the depth of the water in the tank is increasing when the
depth is 0.25 m. 4 marks
= 2 Bgyr B -
peed S A= %k 0 62r-p-0lnl
W gt g oot (e fC)
2l e = AF
il 2 E5
GE T FEQV = bovw (a-00) x T
i o
- Dbl I~
UL\ l«:—b-?,_g A.L\ ~ Ok ‘/FL I O s q{ n );l/\;\),‘__
= /

d+

SECTION 2 — Question 4 — continued
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The tank is empty at time 7 = 0 minutes.

¢. By using an appropriate definite integral, find the time it takes for the tank to fill. Give your

answer in minutes, correct to one decimal place. 2 marks
b oo (2.5 dt L
A [.> " T -0k (2 S‘*S
( o) caél Iy o{L

~ Tl i @

SECTION 2 — Question 4 — continued
TURN OVER
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Question (12 marks) 2c1S @\

Consider y=+/2- sin?(x).

d
a.  Use the relation y2 = 2 — sin?(x) to find Ey in terms of x and y. 1 mark
A
5 ;.(:_j: £ 1 e B s g e
- —Sin (17,_\ 0'*1{ — Si~ (Zn\
_-'d - ___,_—’_'—_'____
d i
b. i.  Write down the values of y where x =0 and wherex = —. 1 mark

W= %:m;ﬁ

ﬂv . =2 @ . \
= 5 Lo 2 2= 5w & =
J
” . dy T
ii. Write down the values of d— where x = 0 and wherexzz. 1 mark
X
4 — s\ O o SiaT
B - - T N
r—= O -2: - /L;'——_ = 2oz T - g )

SECTION 2 — Question 1 — continued
TURN OVER
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Another water tank, shown below, has the shape of a large bucket (part of a cone) with the
dimensions given. Water fills the tank at a rate of 0.05z m*/min, but no water leaks out.

When filled to a depth of x metres, the volume of water, 7 cubic metres, in the tank is given by

V=%(x3+ 6x” +12x)

d.  Given that the tank is initially empty, find the depth, x metres, as a function of time . 5 marks
& =t f o \ TS o \
e :""(E)L klllc&l‘t‘—) = \é()c &'ZL)L(-L(»-)
A 48

| =3

14
:'IZ )(.e?,S

. cﬂﬁ/;ﬂf TN,
AV AV AL A AV &y P % DS o
L T At dx ﬂ oAt AV

{
> G luw) - 0-0O5T
i »O DS;\(
B T
O-T
= (7&.-\1\
jb ()c.-zl :
A = o ¥

SECTION 2 — continued
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Now consider the function f with rule f(x)=+/2— sin?(x) for 0<x < % .

¢.  Find the rule for the inverse function 7!, and state the domain and range of f~'. 3 marks
[ \] 2 —sntye
B nd
2 p 8
y "= B-adn down [0, 2] oy [1 &)
=) 7 7 =
\ 2 N
| ngse % = L=y
J

S\"\‘zb{ - 2 —V.L

i—’Ls?mlb 2 e o

| , i
G = 1r55'(2¥1-3\ > E‘th »"W“}:IO.T}
J ’
d. Sketch and label the graphs of # and /' on the axes below. 2 marks
y
F
ey
B
o
/ T~ \
~ [\
] ~\ 1L
i
\
N D
T
\
\
\ > X
0 1 \ﬁ" >

SECTION 2 - Question 1 — continued
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e. The graphs of / and f~! intersect at the point P(a, a).

Find a, correct to three decimal places. 1 mark

m Bl C ot a=~]-079

The region bounded by the graph of f, the coordinate axes and the line x = 1 is rotated about the
x-axis to form a solid of revolution.

f. i.  Write down a definite integral in terms of x that gives the volume of this solid of

revolution. i \ 2 marks
1
\/: <D ﬂﬁ ggjL = g mit (Za-—_g)u.\u\cﬁ\r_
- o)
ii. Find the volume of this solid, correct to one decimal place. 1 mark
CVA% \V/_f S-Lk {'LL&_)lL u.t?l(_

SECTION 2 — continued
TURN OVER



