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SECTION 1

Question 1 Answer D

The x-axis is a horizontal asymptote, option A. is true.
When x=0 y= 1 as the y-intercept, option B. is true.
c
When —4-2x=0 = x=-2 isa minimum turning point. option C. is true.

The quadratic in the denominator ¢ —4x—x* has a discriminant of
A=(-4) —4x1xc=16+4c=4(4+c) s0

If A>0 c>-4 the quadratic has two real solutions, and hence f (x) has two vertical
asymptotes, so option D. is false.

If A=0 c=-4 the quadratic has one ( repeated ) real solution, and hence f (x) has
one vertical asymptote E. is true.

Question 2 Answer B

(X;zh)2 _(ygzk)2 _1

crosses the x-axis when y =0 (X;Zh)z - (_bkz)z =1 = ()(;_Zh)zzl;)_erl: %
(x—h)’ :w = X= hi%m option A. is true.

crosses the y-axis when x =0 (_arl)z _(ygzk)z =1 = w;—zk):z_z— = hza—zaz
(y—k)2 =M = y= kig h?—a* option B. is false.

All the other options C. D. and E. are true

Question 3 Answer C N
F :_4\/§Sin(300)1—4\/§cos(30°)j A
g =_4\/§(%1+§J} Iy
> » E
F=—23i-6] a3, 3
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Question 4 Answer B

r(t)=(cos(t)-sin (t))1+(cos(t)+sin(t))j

x=cos(t)—sin(t) and y=cos(t)+sin(t)

%:cos(t) %:sin(t) since  cos®(t)+sin’(t)=1
2 2
(_x;yj +(_y;xj =1 = X+2xy+y’ +y -2xy+x*=4

x* +y® =2 isthe Cartesian equation, which is a circle.

Question 5 Answer A

y= =ax+—
X

A sketch graph with a=1 b=2
shows a minimum turning point. 2]
All the other options C. D. and E. are true

If a<0 and b>0 the graph has a

minimum turning point. option B. is true
The graph has x=0 as a horizontal
asymptote, option C. is true -4
The graph has the line y = ax as an oblique
asymptote, -6l
option D. is true

The graph has an x-intercept when y=0 when ax’+b=0 = ax*=-b at x=3— g ,

option E. is true.
Question 6 Answer D
7' +a'i=0

z“:—a“i:a“cis(—%+2kﬂj keZ

soonerootwhen k=0 is z= acis(—%) , Which lies on the circle of radius a at an
angle of —22.5° from the positive real axis, all the other roots must be equally spaced

and on the circle of radius a, the roots do not occur in conjugate pairs, so option D. is
correct.
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Question 7 Answer B
let z=a+bi Arg(z)=0

Im(z)

A

a>0 b>0 :>O<6?<%

i°2 = ~i(a-+bi)
=-ai-bi* o Z
=b_ai ................ 0 .........
Since i is a rotation 90° ) > Re(z)

anti-clockwise, i* is a
rotation 270° anti-clockwise

arg(b—ai)=9+37”

Arg(b—ai):e—%
Since Arg(z) mustbein (-7, 7]

Question 8 Answer E

P(z)=2"+bz*+cz+d

Since P(ki)=0and b, c, dand k are all real, by the conjugate root theorem
P(—ki)=0

option A. is true, so (z—ki)(z—(—ki))=(z—ki)(z+ki)=2*—K%*=z*+k* is a factor
option E. is false

All the other options B. C. and D. are true, since

2° +bz* +cz+d =(z2 +k2)(z+%]= z3+%z2 +k’z+d

From the coefficient of z: k* =c option B. is true.

From the coefficient of z*: b= % :% =bc=d option C. is true.

(z +izj is a factor of P(z) option D. is true.
Kk

Question 9 Answer E
cos| 7 —cos™ 1 =cos(7)cos cos{lj —sin()sin cosl(1 _ L
3 3 3 3
cos(n—cosltljj:—1:+ we require y<0
3 3 UX+yi+4

only x=42 and y=-1 satisfy this.
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Question 10 Answer E

All the other options A. B. C. and D. are true, option E. is false

The graph of f(x)= i1 has a turning point when
+

3
f’(x)=—LX2=O =x=0 and f(0)=ab,therangeis (0, ab]

(bzx2 +1)
Question 11 Answer D

Option A. Let s=2x+9 x=8 s=25and x=0 s=9 x:%(s—Q) dx:%ds

1(*s-9 .
ds istrue.

8
X —_—
— _dx==]| =—
0o V2X+9 4), s

8 8
Option B. Let t=x JO ﬁdx:J4 ﬁdt is true.
Option C. Let u=2x x=8 u=16 and x=0 u=0 x=% dx=%du
Jg X J ———du istrue.

0 J2><—+ J—
Option D. Let 2v=2x+9 x=8 v:% and x=0 v:% X:(2v2—9) dx=du

X 1(®2v-9
—dXxE=
0o V2X+9 2), \/—

Option E. Let z*=2x+9

———dv D.isfalse

x=8 z=5and x=0 z=3 x=%(zz—9) 2dx=2zdz

8
J :—j z— dz s true.
2x+

Question 12 Answer D

The period T = 2r =2a —n="thisis true for graphs of sin, cos, sec and cosec,
n a

however the period of tan and cot graphsare T=—=2a —=n= 21 options A. B. C.
a

3
n
and E. are correct, option D. is false, its period is a
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Question 13 Answer A
N
-, T
-]
D — 0

Se—1+

T =10g newtons #=30° m=20kg u="?

resolving parallel to the plane (1)  Tcos(8)-F,=0

resolving perpendicular to the plane (2)  Tsin(6)+N-mg =0

from (1)  F, =T cos(#)=10g x§=5\/§g

from (2) N =mg-Tsin(6)=20g-10gsin(30°)=15g

for equilibrium to be maintained, F, < uN so that S@g <15ug =D wu= g

Question 14 Answer A

resolving horizontally gives
N e T__sin(44°)_ sin(44°) B .
T,sin(46°)=T,sin(44°) = Ti in(a67) ~ cos(aa") = tan(44°)

Question 15 Answer A

a=xi+yj-2k and b=-3i+2j+k A.isfalse

If x=9and y=-6 then vectors aand b are collinear is false

If x=6and y=—4 the vector a is parallel to the vector b, istrue, a=-2b ,
option B. is true.

If x=y=+/5then [g|=|b|, istrue, |a|=/x*+y*+4=+14 and |b|="9+4+1=+14,

option C. is true
If x=-4and y=-5 the vector a is perpendicular to the vector b, is true,

since a.h=-3x+2y—-2=12-10-2=0, option D. is true.

If x=0and y=2 then the scalar resolute of a in the direction of b is g.tj =2==

Option E. is true.
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Question 16 Answer C
When x=2 y, =cos™(1)= % , let y, =cos™ (gj The volume required is

b
V, = ﬂI(yz2 - yf)dx where y, and y, are the inner and outer radii respectively,

voof [ )

Question 17 Answer A

cjj—? = inflow —outflow = bg —fV—Q and the volume V =V (t) =V, +(g— f )t
dQ fQ

—=bg-—— 0)=a

a0 V- 20

Question 18 Answer C

Using constant acceleration formulae a=-9.8 u=0 t=8 s=?
s:ut+%at2 S=0—%x9.8x82=—3l3.6

The height h is 313 metres. The stone hits the ground 314 metres below the initial point.
Question 19 Answer C

t
F(t)=4sin(2t)i+6e 3 j integrating

=

(t):j4sin(2t)dt1+f6e_;dtj

t
r(t)=—2cos(2t)i-18e * j+c tofind ¢
(0)=0=-2i-18j+¢ =c=2i+18]

=

r(t)=2(1-cos(2t))i+18/1-e JJ since sinZ(A):%(l—cos(ZA))

r()=4si 011512 ¢
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Question 20 Answer E
dt

x:J';e”z du+C now tofindC, x=1whent=0,
0 2
1=[ e’du+C =C=1

x:J'te“Zdu+1 now when t=2 x:jze“zdu+1
0 0

Question 21 Answer D .

From the velocity time graph, using a calculator,
the graph crosses the t-axis at t =0.77. 2

The distance travelled over t €[0,1] is
the total area bounded by the graph and

the t-axes. The area from s 00 . : e
t=0.77 to t=1 is below the axes and negative, ) ) \ )

the total area, or distance travelled is
0.77 1 1 4
J'O (cos (2t—1)—1)dt—.[ol77(cos (2t—1)—1)dt

Question 22 Answer B
dv. 3
m:3k V:3|0 3X _= 30MF
g 9.(3x) = =7
27log, (3x
F=ma= mvﬂ:3(3loge(3x))§:L()
dx X X 20
Using a calculator, this graph has a maximum at
x=087 F_ =296,
the maximum force is closest to 30. 10
0 N
0 1 2

END OF SECTION 1 SUGGESTED ANSWERS

© KILBAHA PTY LTD 2008

A =3



Specialist Mathematics Trial Examination 2 2008 Solutions Section 2 Page 11
SECTION 2
Question 1
a. u=1+3i U=1-3i u+o=2 ur=1-9i* =10
so that z2—2z+10 isafactorof z®—4z*+bz+c=0 M1
7°—47° +bz+c:(z2 —22+10)(z+d)
coefficient of z2: d-2=-4 =d=-2
coefficientof z': 10-2d =b =b=14 Al
coefficientof z°: 10d =c =c=-20 Al
b. U=1+3i iu=i+3i*=-3+i
M Im(2)
>P
Re(z)
)
-4 -2 2 4
S
_2“
diagram Al
C. OP =i+3]j OQ=-3i+]j
OP.0Q=-3+3=0 sothat OP is perpendicular to OQ Al
d.  PQ=0Q-OP=-4i-2j ‘@‘:\/16+4:2\/§ Al

© KILBAHA PTY LTD 2008



Specialist Mathematics Trial Examination 2 2008 Solutions Section 2 Page 12

e. p=1+3i q=-3+i
S={z:|z-p|=|z-q}
|2-(1+3i)| = |z—(-3+i)| let z=x+yi M1

\/(x—l)z +(y-3)° :\/(x+3)2 +(y—-1)" square both sides and expand
X2 —2X+14+y* —6y+9=x*+6X+9+y*—2y+9

y =-2X Al
f. PQ is the diameter of the circle

the centre of the circle isat C (-1, 2) the mid-point of PQ,

so that c=-1+2i Al

and the radius of the circleis r= %‘@‘ =lc|= J5 Al

R={z:|z-c|=r}
|2-(-1+2i)[ =5 let z=x+yi

\/(x+1)2 +(y—2)2 =+/5 square both sides and expand
x> +2x+1+y* —4y+4=5
X*+2x+y*—4y=0 or (x+1)2+(y—2)2=5 Al

Question 2

a. 0(0,0), A(a,b) , B(-a,b) , D(0,-r)
OA=ai +bj OB =-ai +bj

‘ﬁ‘=x/a2+b2 and ‘@‘z,/(—a)2+b2=\/a2+b2

since [OB| =[OA|=a® +b* =1 both are radii of the circle Al

O oo 7 :

cos(0) =22 AL
b. OD=-rj OD|=r

DB =DO+0B=0B-0D =-ai+(b+r)j ‘ﬁ‘:1/a2+(b+r)2
DA=DO+0A=0A-OD=ai+(b+r)]j ‘EA‘:‘/a2+(b+r)2 Al

© KILBAHA PTY LTD 2008
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_ DB.DA _-a’+(b+r)’
‘ﬁ”ﬁ‘ a®+(b+r)’
b?+ 2br +r? —a?

2 2 2
Cos(a):a2+b2+2br+r2 but r*=a’+b

_ b? +2bva?+b? +a?+b’—-a?
a’+b*+2bva’+b® +a’+b?
2b% + 2bva? +b?

2a2 + 2b2 + 2b/a? + b?

2b(b+\/a2+b2)
cos(a)=
2va’ +b? (b+\/a2+b2)
b

Jva? +b?

M1

cos(a)

cos(a M1

cos(a)=

cos(a)= Al

c. to show that 2a=6 or cos(2a)=cos(8)
cos(2a)=2cos’ (a)-1

2
cos(2a):2( '—azb-q-bZ] -1 M1
2b?
a2 +b?
20° —(a’ +b?)
o ai+bh’
b? — 52

a’ +b?

cos(2a) = 1

cos(2a) = M1

cos(Za) = = cos(@) shown Al

Question 3

2X

VX2 -9 dx

terminals when x=5 u=16 and x=2\/§ u=3 M1

5 X 17 -2 16

J dx:—ju ZdU:[\/ﬂ —4-3 Al
25 3

243

5
X du
a. J dx let u=x*-9 =
2\3

x2-9

© KILBAHA PTY LTD 2008
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b. x =3cos(t) dx =—3sin(t)dt
x> =9cos’(t) terminals
- M1
when x=3 cos(t)=1 t=0 and when x=0 cos(t)=0 t:E

Vo—x* = J9-9cos? (t) =/9(1-cos? (t)) =[3sin(t)| = 3sin(t) since O<t<Z

2
3 . 9%
IO V9—x? dx :—9J'S|n2(t)dt :Ej'(l—cos(Zt))dt Al
% 0
of 1. . e of(x 1. 1.
=Zlt-Zsin(2t) | =2 | Z-= ~| 0==sin(0
2{ 2sm( )}0 ZKZ 23m(;r)}( 2sm( )ﬂ AL
_9
4
2 2
c X_+y_=1 Al
9 4
9 4 9 4 1 1
d LHS = = +— = =
X y?  9sec’d " 4cosec? () sec’(0) " cosec? (9)
=cos’(6)+sin*(0)=1 = RHS Al
e when y=4 )?2+%:1
92: —%:% x2=12 = x=42/3 butin the north-west x<0
X

so that x=—2\/§ the point is P(—Z\/§,4)
9x?+4y? =1 using implicit differentiation

(alternate methods are to transpose and use the chain rule to find %
X
dy  18x7

dx  8y?

-18x7° -8y dy _ 0
dx

3

%% at P(-243,4)

dy

dx T 9(4)3 23

() 4(—2\@ )3 )

© KILBAHA PTY LTD 2008
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3 9x8cosec’ (& 2cos® (6
f. ﬂ:_gysz_ X 3( ):_ : 3( ):_gcot:%(g) Ml
dx  4x 4x27sec’(0) 3sin°(6) 3
b= —% and n=3 Al
There are of course many other methods available to produce these results as in g.
2 2 2 2 2
g. Since 2+ -1 re-arranged becomes y? = —% = J 9X

y:J_r% 9-x* and

since %+i2:1 re-arranged becomes izzl——2= >
Xy y X X

+ 2X M1

by the symmetry of the required area region and when y=4 x= +2./3
the required area is the 4 times area of the rectangle plus the bit of area from

243 to 5 for y =L minus the area of the elliptical roundabout

VX2 -9
B 5
2X 2 (3 >
A=14 8\/§+Jﬁdx—§jo V- %% dx Al
L 243

T
I 4
A=24J3+32-67 Al

h. A:4_8\/§+2(4—x/§)—§(9—ﬂ from a.

Question 4

a.i. now P=200,000W R= m =1800kg

N[ &

ma:E—R
v

200,000 /v

v 2

3
_y2
a:400,000 v Al
3600v

1800a =

© KILBAHA PTY LTD 2008
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3

dv ,dv _ 400,000-v?

ii. Use a=v— —=
dx dx 3600v
the distance travelled from rest to 10 m/s, is the definite integral
10
2
J 300 AL
) 400,000-v?
iii. using a graphics calculator the distance is 3 m Al

b.  m=1800kg x=02 g=98  O=50°

mg Al

ii. resolving up and parallel to the roadway (1) T —xN —mgsin(8)=0

resolving perpendicular to the roadway (2) N —mgcos(6)=0 Al

to find T we need to eliminate N
from (2) N =mgcos(@) substituting into (1) gives

T — umg cos(6)—-mgsin(0) =0
T =mg(sin(6)+ ucos(6))
T =1800x9.8(5in (50° ) +0.2c0s(50° ) ) = 15, 780.78 newtons Al

this is the maximum tension, the minimum tension is obtained when the car
is on the point of moving down the roadway, reversing the sign of u

so that the frictional force N is up and parallel to the plane.
Toin :1800x9.8(sin(500)—0.2(:03(500)) =11,245.27 newtons so
11,245.27=T . <T <T__ =15,780.78 Al

min — max

M1
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C. m=1800kg x=0.2 g=9.8 #=50° T =16,000 newtons a=0.1m/s* a="?

Al
ii. resolving up and parallel to the roadway
(1) Tcos(a)—uN —mgsin(8)=ma
resolving perpendicular to the roadway
(2) Tsin(a)+N-mgcos(6)=0 M1
to find o we need to eliminate N
from (2) N =mgcos(6)-Tsin(a) substituting into (1) gives
T cos(a)— u(mg cos(6)—T sin(a))-mgsin(#) =ma Al
T (cos(a)+ usin(a))=ma+mg(sin(6)+ xcos(6))
cos(a) + esin () m(a+g(sin($)+ycos(9))) L
_ 1800(0.1+9.8(sin (50°) +0.2cos(50°) )

cos(a)+0.2sin(a) = 16,000 =0.9975
solving on calculator gives o = 23.3° Al
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Al

Al

Al

Al

Al

Al

Al

Al

Question 5
a. r(t)= 8I+26j+ cos(%)

£(0)=8i+26j+ \/Ecos(o)lg 81+26j+5ﬂflg

5742 )
initial speed is |t (0)] = \/82+262+[ ”4 J =27.76 mis
572
b.  tan(h)=—=2—
V8 +26°

6 =tan™(0.2042) =11.5°
C. at maximum height sin(%tjzl %tzsinl(l)=% =t=1

the soccer ball takes one second to get to a maximum height

and its position vector at this time is  r(1)=8i+26 j +¥I§
d. he heads the ball when ﬂ n(ﬂtJ:E or m(mJ:i

2 2) 2 2) 2

t . (1 T 3r 3z . . .

—=sin"| —=|=—,— take — since the ball has reached its maximum

2 J2) 47 4 4

height and is on its downwards trajectory, so that t= g =1.5 seconds
e. r[g):12i+39j+§k

£3 ! 155

the required distance is /12° +39° = 41 metres
f. E[gj:81+26j+ ”\/_cos(‘l]k 8i 26!—5—”3

r@]‘:\/ 82+262+(—57”j =27.485 and m=0.43kg

magnitude of momentum ‘ E" =0.430x27.485=11.82 kgm/s

END OF SECTION 2 SUGGESTED ANSWERS
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