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Phone 9836 5021
Fax 9836 5025

Section 1 — Multiple-choice answers

1 D 7. A 13. E 19. A
2 B 8. E 14. B 20. D
3 E 9. B 15. B 21. D
4 B 10. E 16. C 22. B
5 C 11. A 17. E
6 C 12. D 18. C
Section 1- Multiple-choice solutions
Question 1
2 2
The hyperbola (x — 2h) - (y bzk) =1 has asymptotes given by y —k = ié (x - h).
a
Now y =+4(x —2),50 (i, k)is (2,0) so options A and B can be eliminated.
Also, b =4. Only option D offers this since @ _8_ 4.
a \/Z 2

The answer is D.
Question 2

The graph of y = f (x) has one vertical asymptote if the equation x° + px +¢ =0 has one
solution.
The quadratic equation x*+ px +¢ =0 has one solution if
p? —4xlxq=0
p’=4q
The answer is B.
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Question 3

For the inverse circular function y = arsin(x), d= [— 1,1] andr = {% ,%} .

. . . 7 [ x
For the inverse circular function f (x) =5 + arsm(—j, d,= [— a, a]
a

since 1<

=[0, 7]
The answer is E.

Question 4
y =cosec(a(x — b))
1
- sin(a(x - b))

Asymptotes occur at x = —g,g,

Consider the graph of y =sin(a(x — b)) at which y=0at x= —% ,%,37” andSTﬂ
y
A
\ I /\ » X
_T T 3n St
4 4 4 4

period—ﬂ'—z—ﬂ soa=2 %
a For this graph above, y =sin 2(x + Zj .

Also, for the graph of y = cosec(a(x - b)),

y>0 for xe(—z,zjup—ﬁ,s—ﬂj and y<0 forxe(z,zj. This is true also for the
4 4 4 4 4 4

graph of y =sin(a(x — b)) whereb = —%but not for b =%. So a=2and b =—§.
The answer is B.
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Question 5

v=a+ai |v| =a® +ad’ arg(v)=tan™ [ﬂJ (first quadrant)
a

V2
= 2a 2 = —

4
=+/2a since a is a positive constant.

= \/Eacis -
12
The answer is C.

Question 6

The solutions to the equation z'*> = a are equally spaced around a circle, % :g apart.

1
. - . . : .
Since one solution is a'? cw(%j , the others that will have an imaginary part that is less than

1
. . = . (8«
zero, that is, that have an argument that is greater than 7 and less than 27 are a!? 015(?j ,

1 1 1
i L L Im(z)
al? cis(g—”} al? cis(lo—”j and g 12 cis(ll—ﬂ-j . A
6 6 6

n > 0,21 Re(z)

So there are five in total.
1 1
. I 6 = . . .
Note that the solutions a2 Ci{_j and a'2¢is(0) have an imaginary part equal to zero.

The answer is C.
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Question 7

Im(z)
A

» Re(2)

Let z be any point lying on the line.
The distance between any point z on the line and the origin is given by |Z| This is the same

Z—(l—i)

as the distance between z and the point 1—i; that is,

= |Z -1+ l'| .
So the required equation of the line is |Z| = |Z -1+ |
The answer is A.

Im(z)

Question 8 A
Since z lies in the second quadrant, z=a+bi b
a<0and b>0. ° i
Multiplying z by i rotates z by 90° in an
anticlockwise direction which means that : > Re(z)
zi lies in the third quadrant. a

|Z|=\/a2 +b?
=v2a’ if [a| =b

{214

Arg(z)=tan™ (—1)if |a| =b

3T . -
= e since z is in the second quadrant

So Arg(z) # %

The answer is E.
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Question 9
x?=3y° =1
When x =2, 27 -3y’ =1
—-3y°=-3
y=1
x?=3y* =1
2x-3x3y% x % =0 (implicit differentiation)
2 dy
-9y o —2x
dy —2x
dx - 9y?
_ 2x
oy’

When x=2, y=1and Q:i
dc 9
The answer is B.

Question 10

sin? (x)cos* (x)dx

ct—oln

sin? (x)cos* (x)sin(x dx

e [N O [N

(1 —cos’ (x))cos4 (x)sin(x )dx

(l—uz)u4 X —ﬂdx

dx
(u4 —u")du

The answer is E.

Il
P

Letu= cos(x)

d—:=—sin(x)
Vs 3
X=—, u=——
6 2

x=0, u=1
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Question 11

Do a quick sketch of y = f(x).

»
»

y=rx)

The graph of y= f (x) is the gradient function of the graph of y=F (x)

At x=0, 3 and 8, the gradient of y =F] (x) is zero, so there must be a turning point or a
stationary point of inflection at x=0,x=3and x=8§.

Only options A and D show this.

The gradient of the graph of y =F (x) is positive for 0 < x <3 and x > 8 and negative for
x<0and 3<x<8.

Only option A shows this.
The answer is A.

Question 12

From the slope field when x =0, % =0. This eliminates options A, B, C and E.

X

When x =0, % is defined; that is, values of % are indicated by the lines. Conversely when
X X

y =0, no such lines are apparent because L is not defined for y =0. Option D shows this.

dx
Also for a given value of y; for example y =1, as x increases from zero, the gradient becomes

steeper which is indicated by a larger negative number. For another given value of y; for
example y =-1, as x increases from zero, the gradient becomes steeper which is indicated by

a larger positive number and so on.
The answer is D.

Question 13
The two particles meet iff

4=t+1 AND 2¢-6=8
t=3 t=7

Since the particles are in the same spot at different times, they never meet.
The answer is E.
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Question 14

x(t):%ﬁ\/; e k

1
~1t7 5‘+%t 2 j+2e" k

i(0)-

x@):-g+%z+2e2@

The direction of motion at =1 is given by x(1) .

The answer is B.

Question 15

Sketch the graph of y =x’ +2x” + x+1 and find the enclosed area.

This area occurs between x =-0-5698403 and x =0.
The required area is closest to 0.34905 square units.

The answer is B.

Question 16

szjx—9,
dx

an :xn + h’

So, x,=9+0-1
=9-1
x,=9-1+0-1
=9.2

yo=0, h=0-1

Vet =¥a + 1 (x,)
3, =0+0-1x+/9-9
=0
y,=0+0-1x~/9-1-9
=0-1x+/0-1

=0-0316...

When x =9 -2, the approximation for y is 0.0316...

The answer is C.
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Question 17

a and b are at right angles because the triangle formed by a, b and ¢ has it’s vertices lying

on a semicircle with one side forming the straight edge. So option A is correct. Option B is
also correct since

a.a=|a||a|cos 0’
=[d’
Similarly 5.5 =[p|” and c.c=|c| .
So because of Pythagoras theorem options B and C are correct.
a.le+bl=a.a
=la’

So option D is correct.
Option E is incorrect. The angle @ is the angle between @ and ¢ not between a and b.

The answer is E.

Question 18

6£+2j+2w/g[c‘

=4/36+4+24
_Jea

=8
A vector with a magnitude of 4 that is parallel to the vector 6i+2 j+ 276 k is

4x%[6£+2j+2w/gl§j

=3g+j+\/gl§

The answer is C.

Question 19

The change in temperature of the cake with respect to time is given by

‘2—? = k(T -22), 7(0)=180

The answer is A.
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Question 20

The correct force diagram is given by

T
P
10g
The answer is D.
Question 21
Draw a force diagram.
F ¢—o] L » 30

«— |—»=

N3
(=]
aQ

Now uN=0-2x20g

=4g

Since F =30
F<uN

ie. F<4g

So the box is not at the point of sliding along the surface.
The box remains at rest because F<4g.

The answer is D.
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Question 22
N
1 ) |
Fr€ = 151 ;
SING—— & | .
1
10g T
8 kg
8g
Around the 8kg mass:
R=ma
(T -8 g) j=—8aj assuming that the 8kg mass accelerates downwards
T -8g=-8a
T=8g—8a (A)

Around the 10kg mass:
R=ma

(T - Fr—50)i+ (N ~10g)j =10ai assuming that the 10 kg mass accelerates to the right

T —uN -50=10a N =10g
T-0-1x10g -50=10a
T'=10a+ g +50 (B)

Substitute (A) into (B):
8g—8a=10a+ g +50
—-18a=-7g +50
g 7g-50
18
Since a >0, the 10kg mass does move to the right and the 8kg mass does move downwards.

The answer is B.
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SECTION 2
Question 1
a -
: a=04A=mi+2j
%
b=0B=i+6j
%

c=0C=ni+6j

H
d=0D=3i+2j

> o> o
Now, AB= A0+ OB

=-mi-2j+i+6j
=(1-m)i+4;

> > -
AD = AO+ OD

=-mi—2j+3i+2j

=(3-m)i

(1 mark)
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- - - - -
b.  IfABCDis arhombus then |4B|=|4D| and AB=DCand BC = AD .

- -
Now,  |4B|=|4D| B

Ja-m) +42 =JG-m)
1-2m+m* +16=9—6m+m*
4m=-8

m=-2

y
7

(1 mark)

If AB=DC,then (1—m)i+4j=(n—3)i+4/ 4 b

l1-m=n-3

n+m=4
(1 mark)
Substituting m = -2

into n+m=4
gives n—-2=4
n==6

So m=—2andn==6

(1 mark)

-
c. To Show AC.BD =0
(1 mark)

=RS (1 mark)
Have shown.

- - - -
Since AC.BD =0, then AC is perpendicular to BD.
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> |- 5|5
AE=| AB.AD |AD (1 mark)
= [3l+ 4jj.l(5i) l(51)
~) 55"
=3 xl(S i)
St
=3
(1 mark)
- - > | -
e. AB.AD =|AB|AD|cos &
(3g+ 4jj .(51)=\/9+16 5% cos(0”) (1 mark)
15 =25cos(6°)
-\ 3
cos(H )=g (1 mark)
In the rhombus ABCD,
- — __B A C
0" is the angle between AB and AD 0
— —

so the angle between B4 and BC will

be (180 — #)° because of alternate
angles in parallel lines. (1 mark)

Z

Now,
cos(180—6)°
=—cos(#°) (because 4 <90° and (180°— @) is a second quadrant angle)

= —% (1 mark)

- - (3
So the angle between BA and BC is cos” (— gj =126"52" to
the nearest minute.

(1 mark)

Total 13 marks
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Question 2

a.

R=ma

(40gsin(45° )~ Fr)i+ (v - 40g cosd5°) j = 40a i

So, ﬂ—Fr:%a and N—ﬁzo
2 \2

207/2g —0-1x207/2g = 40a N =202g

3 18v2g

40

=9\/_£m/sz
20

as required.

Let the mass of the person on the slide be m kg.

R=ma

(mgsin(45) Fr)z+(N mg cos 45° )ZZ

mg mg
—=—-0-1x—==ma N=—2=
V2 V2 V2

g-0-lIg

m ———\|=ma

[ V2 j
_0-9V2g

2

92g

=——>2 asrequired
20 q

(1 mark)

(1 mark)

(1 mark)

(1 mark)

(1 mark)

(1 mark)
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Since Rhiannon’s acceleration down the slide is constant, and we know that u =0,

a= 92—\/05‘(’7 and s =15, we can use the formula

S =ut+ 1 at’ (1 mark)

15=0+lx9*/_ﬁ12
220

t=14/4-8102...
=2.1932... sincet >0

So Rhiannon is on the slide for 2.19 seconds (correct to 2 decimal places)
(1 mark)

Now, a is constant i.e. a =

9\2%3' ,u=0and¢=2-1932... (from part d.). Note that

the “unrounded” value of 2.1932... from part d. should be carried through in these
calculations.

We have,

v=u-+at

v=0+&x2-1932...

=13-6784...
Rhiannon’s speed at the end of the slide is 13.68 m/s (correct to 2 decimal places).
(1 mark)

Note that the “unrounded” value of 13.6784... from part e. should be carried through
in these calculations.

Method 1
The only force acting on Rhiannon when she leaves the end of the slide is the
gravitational force.

R=ma J
becomes —40g j =404 L
a=-gJj )
dv
e
v=—gtj+c - (1) 40g

When ¢ =0, which is when Rhiannon leaves the slide,
v=13-6784cos(45° )i— 13- 6784sin(45° )/ .

136784 . 136784 .
R
In(l)13-6784i_13-6784jzc

2 T n Tf
13-6784 . (13-6784 .
N i‘[ 2 +ng

Note: the above working can be shortened.
It is shown here for explanatory purposes.

So V= (1 mark)
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V2 V2

When 1=0,r=0i+0 ;, taking the end of the slide as the origin of motion.

~ 1

2
Now r= 13 6784t£_(13 6784t+&Jj+€

So ¢ =0
€ 7=
o 136784 . [13-6784  et” )
N R A A
(1 mark)
Rhiannon lands when the j component of r equals — 3 (3 metres below the origin).
2
So 13 6784t+&=3
J2 2
t=02725... (1>0) (1 mark)

Rhiannon is in free fall for 0.27 secs (correct to 2 decimal places).

Method 2

Rhianon’s velocity at the end of the slide is 13.6784...m/s at an angle of 45°

downwards.
Taking the downwards direction as positive and considering the vertical component
we have u =w,a =9.8and s =3.
V2
S =ut +%a12 (1 mark)
13.6784 9.8 ,
3= t+—t
2 2
2 —
4.9t +9.6721t -3=0 (1 mark)
= 9.6721+ \/9.67212 —4x49x-3
9.8
=0.2725...since t >0
Rhiannon is in free fall for 0.27 secs (correct to 2 decimal places).
(1 mark)
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g. Let the angle at which Rhiannon enters the water be 6.
Note again that the “unrounded” value of ¢ =0.2725... together with the “unrounded”
value of 13.6784... from part e. should be carried through in these calculations.

Method 1
The angle @ is the angle between vatz=0-2725...secs (i.e. when she hits the water)

and the vector i.

< V:13-6784i_(13-6784
o2 U2
vei =i cos(6)

+0- 2725ng (1 mark)

13-6784  [13-6784 +(13-6784
V2 2 V2

cos(9)=0-6167...

0 =51°55"to the nearest minute

2
+0- 2725gj x 1x cos(6)

(1 mark)
Method 2
Calculate the vertical and horizontal velocities at the point of entry.
vertically:
v=u+at
=9.67214 +9.8x0.27254
=12.3430(down)
horizontally: 12.3430
v =9.67214 (constant) 0
(1 mark)
9.67214

9 — a1 12:3430
9.67214

=51°55" to the nearest minute
(1 mark)

Total 14 marks
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Question 3
a. i. y(t):j_—t3dt, t>0 (1 mark)
(az _tz)g
_[Lau, %dt
2 dt
3
:—J-u 2du
i. ;4
y(t)——xu Zx-2+c
2
1.
u
-1
= +c
a’ -t
-1
Since y(1)=
Vva* -1
R S S
\/az -1 \/612 -1
c=0
y(t)= S S required
a’ -t
b.
-1
W)= |——=4dr, t<a
o
:arcos[£j+c
a
Now, y[%)Z%
)

= arcos l +c
)

o W[y vy
+
a

<
—_—
~
N—

Il

=
(@}

ot

72}
7~ N\
Q |~
N—

2 2
where u=a"—t
du

—=-2t
dt

(1 mark)

(1 mark)

(1 mark)
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2
dx _ iz (1 mark)

=a
=LS
Have verified.
(1 mark)

t
d. From part b., y(t) = arcos(—j .
a

d’x a .
From part ¢., —=—=Xl¢).
parte., — =2 =)
So a possible expression for x(r)=—alog,(¢)+c. (1 mark)
Given the condition x(1)=0, we have
0=-alog,(1)+c
0=0+c
c=0
So —alog, (t) is the actual expression for x(¢).

So, r=-a IOge(t)i-i- arcos(ij Jj,» t>0
all
(1 mark)
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t
e. x=—alog,(t) y= arcos(—j

a

- X t
—=log, (1) —=cos(y)

a a
e =t t =acos(y)

So,

e =g cos(y)
1
——=cos(y)

ae“

1
Y =arcos| ——

ae“
(1 mark)

Total 9 marks
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Question 4

a. i. Im (Z)
A

» Re(z)

o |

(1 mark)
ii. Arg(z)=0 so Arg(z)=-6
(1 mark)
iii. z=rcis(9) so z=rcis(-0)
(1 mark)
iv. To Show (z)" = (Z—”)
LS =(z)"

~ (reis(- 0))"

=r"cis(- n@) (De Moivre)
1 k
RS :(z—”) (1 mark)
_(reis(0))’

= r"cis(n6) (De Moivre)
=r"cis(- n0)
=LS (1 mark)

Have shown.
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b. To Show : z" +(2)" =2r" cos(n6)
LS =z" +(z)"
(n0)+ r"cis(- no)

=r"cis

(1 mark)
=r"(cos(n@) + isin(n6) + cos(— n)+ isin(- n0))
=r"(cos(n8)+ isin(n@)+ cos(n) - i sin(n0)) since COS(_9)= cos(@)
=r"x2 cos(n 9) and Sin(—9)= —sin(@)
=2r" cos(n0)
=RS
Have shown.
(1 mark)
c. Let (1+i)12+(1—i)12
=z" +(z)" where z=1+i from part b. — because of “hence” this must be shown
=2r" cos(n0) (1 mark)
12 T
- 2(\/5) 008(12 x Zj sinceif z=1+1i
:128005(372) r :|z| =2
=128005(ﬂ') 0=tan" (1)
=-128 -
Have shown. ==
4
Also.n=12
(1 mark)

d. From part c. (1+i)? +(1-i)? =—-128
So we require {z :Re(z) > —128} N {z : |z| < 128}

Im(z)

area required

boundary
included

Re(2)

boundary
excluded

o
point
excluded

Note that the complex number z =—128 is not included.
(1 mark) correct area
(1 mark) correct boundary
Total 11 marks
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Question 5

a. 16(y +0-1)" +9x* =1-44
+0-17 X2
(v 9 )+E

100(y +0-1)° . 100x?

9 16

x? +(y+0~1)2

0-16  0-09

=0-01

=1

We have an ellipse with centre at (0,—0-1), semi-major axis length of 0-4 units and
semi-minor axis length of 0-3 units.
(1 mark)

y
A

0.3
0.2

0.1

03 02 01 01 02 03

-0.1¢

-0.21

-0.3

-0.4

(1 mark)

y
=

02 01 01 02 03 04

02
volume required = 7 J- x2dy

:%j@ 44-16(y +0-17 )dy
0

(1 mark) - correct terminals
(1 mark) — correct integrand
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Using a graphics or CAS calculator and the definite integral above,

volume=0-0521m’ (correct to 4 decimal places) (1 mark)
i.
das .
— =rate of inflow of salt — rate of outflow of salt (1 mark)
_ dSinﬂow

where / represents litres

ﬂ _ dSoutflow . ﬂ
dl  dt dl d

=35x0-5—£x0-5
50

_17.5-5
100

_1750-§
100 (1 mark)

ds 1750-S§

= [0
1750 -8

=—100log, (1750 - §)+ ¢
Now, whent =0, §=0becauseinitially the base contained no sea water .
0=-100log,(1750)+ ¢
c¢=1001og, (1750)

1750
1750 -8

(1 mark)

t=10010ge(

(1 mark)

iii. Method 1
The concentration of salt in the base will approach the concentration of the

sea water being added which is 35g/1. (1 mark)
Total mass = %Tg x50/ =1750g . (1 mark)

Method 2

1750
1750 -8

¢ 1750
_:loge e —
100 1750 - S
t
Jioo __ 1750
1750 - S

—t

1750 — S =1750¢ 100

—t
S = 1750[1 — 100 ] (1 mark)

t=10010ge[

—t
As t —>,e!% - 0" s0S —1750". So in the long term the amount of salt in
(1 mark)

the base would approach 1750g.
Total 11 marks
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