2008 Specialist Maths Trial Exam 2 Solutions

© Copyright 2008 itute.com Do not photocopy
Free download and print from www.itute.com

Section 1
1 2 3 4 5 6 7 8 9 10 | 11
C E D A C A C A| A | B E
12 |13 |14 |15 |16 |17 |18 [ 19 |20 |21 |22
C A | C A|A|DJ|A|B E B C

Q1 The maximum value of (sin’1 x)2 —(sinx) is

(sin ' (1)) - (sin(1))® =1.316. C

Q2 cos(x—y+z)=cos(x—(y—2))
=cos(x)cos(y—z)+sin(x)sin(y—z). E

Q3 Equation of the inverse is x = 2arctan[§ (y + 1)} —1.

XTH = arctan{% (y + 1)} , %(y + 1) = tan[%ﬂj ,

x+1
=2tan
=2t 2

—m-l<x<rm-1.

Q4 y=(x—a+;}(x—a—;}+b
x—a x—a
1

—1, where ——<—<£ i.e.
2 27

D

y= (x - a)2 - +b . Only one vertical asymptote x=a. A
x—a

Q5

(x +1) ’ :

L 4 (y-2) =1 —>XT+(y—2)2 =1—>%+(y—1)2 =1

2 2
—>%+(l—1j =1,ie X’ +(y-2f=4. C

Q6 z= i(cos[% + 0] —i sin[% - 0]] =i(-sin@—icosh)

=cos@—isin@ =cos(-0)+isin(-0). . Arg(z)=-6. A

Q7 2z —(5-i)z+3+11i=2(z—(3-2i))(z—(a +bi))
=272 —((2a+6)+(2b—4)i)z + (6a + 4b)+ (66— 4a)i .

s.2a+6=5and 2b—4=-1, .'.a:—% and b=—

5

The other root is —l+éi. C
2 2
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Q9 A

Q10 Choose appropriate values of a,be R, use graphics
calculator to draw the graph of y = 1000(x + a)2 (x — b)% . B

4y

d -1 d 2_,1)
11 —_— = -
Q dx(,la_xz\J dx( (a x)
= o) (-20)= - « E
(a—xz a-x’
Q12 2x%y* =x*—y?, 4xy* +2x Zyd— 2x— Zydy
dx dx
'ﬂ=2x—4xy =x—2xy
“dx 2y+4xy y+2x2y'
1
At x=1, 207 y* =(1) =y, 3y* =1, y=t—,
Ay =)=y, 3y =1,y 7
1-2
andd !

x+\/_ m.c

Q13 Since xe R\[-11], ~. x> >1,
-'-j%d(x2)=_10g€|1_x2|+c=_10g€(x2_1)+C
1-x

Q14 y':y(a—y),when y=2,

gradient of slope (from graph) =y’ = % =4,

n4=2a-2), a=4. C
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Q21 The particle moves at constant speed and direction, .-.the

-1
Q15 y= jtan(x ’ }lx —1. Use graphics calculator to evaluate the  resultant force on the particle is zero. Hence the reaction force of
- the slope on the particle is equal but opposite to the weight force
definite integral, y =—-0.356—-1=-1.356. A on the particle. B
Q22 Consider the two boxes as a single object. Total force of
Q16 A g ]
, friction=30x0.2 = 6 N opposite to motion,
7 6 G .
b s.a=—=0.2ms" opposite to motion.
RV 30
"*\\ Consider the forces on the 10-kg box:
S Motion (+)
\\\ p _>

| .«— F, force (20-kg on 10-kg)

[ <

| al

| . Force of friction=10x02=2N

| T R=ma, F+2=10x02, .F=0. C

4
-
2" +a : o
W

Q17 ¢ -3a+2b=0, ..a,b and ¢ are dependent. D

Q18 The direction of motion is given by the unit vector in the
direction of the velocity vector.

1 1 Section 2
r(r)=tan(r)i +Esec2(t)j+k,r(t)=tan(t)i +E(1+tan2(t))j+k
2 _q1_,2 - 2 41l —y?
u(t):%r(t):secz(t)i+tan(t)secz(t)j Qla. a”=I-v7, a=#Jl-v7, dx[zv ]__ I-v
= (1 +tan’ (t))i + tan(t)(l +tan’ (t))] )
. 1d(?) T dx 1
3z . . Q1bi. — =+VJ1l-v", =1 ,
When t:T,u=2t—21. 2 dx d(v ) 2\/1—1/2
1 W2 2 x=$j;d(v2)=¢jl(l—(v2))’d(v2)=$\/1—v2+c.
ph=——=Qi-2)=Zi Y55 A N 2
02 2 2
At x=%1,v=0, ..c=0, . x=FV1-v?.
Q19 Initial velocity =$(3i —-j+k), Hence v=*y1-x*> . .. A=%*1, B=land C=-1.
o ol v
initial Speed_o.zo (1) 1 =5y Q1bii. v=ﬂ=im,%=i ! - . Note: both signs
X 1-x

Final velocity = ! (i—k),

020 give the same result.

! t= —;dx=cos’l(x)+c.

dt
- fi N S PO Choose — = ————,
- final speed == -1 +(=1)7 =5v2. & i [ i
,-,Change ofspeed:5x/§—5\/1_z—9.512. B When =0, x=1, ..c=0. .'.t:cos_'(x),where 0<t<rx.
Hence x=cos(t). ~.D=1and n=1.

Q20 +1.22 +0.5% =1.3, right-angled triangle.

V4 V4 -1
T 0.5 Qlc. Ivdt = I%dt = de = [x]l_l =-2.
' 0 0 1
T 12 Qld. x=cos(t), v=—sin(t), a=—cos(t), .a=—x.
¢ ’ Alternatively, refer to Qla and b,
T, 0.5

a=%tV1-v? and x=FV1—v* , a=—x.

S -222042. E
T. 12
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Q2a. At x=6, y=1+e.

6
Area of shaded region = J.(1+e’*"5 )1x+(1+e)><1
0
=[x+ex_5]2 +l+e=6+e—e  +l+e=T+2e—e " m’.

Q2bi y=1+¢"°, x=log,(y—1)+5

At x=0, y=1+e”.
Max volume of water

I+e I+e

= jmzdy: Ii[(loge(y—l)-i-S)zdy m’.

-5

I+e7> I+e

Q2bii Volume of concrete

I+e
=77 (1+e) - [z{log,(y—1)+5)dy
I+

~ 350 m’. Evaluate the definite integral with graphics calculator.

l+e
Q2c. Max volume= [ z(log, (y—1)+5)dy =221.99 m’.
l+e7d

221.99 =18.499 min.

Time required =

Average rate of increase in depth of water

-5
_(re)-(1+e7) ):0.146576 mmin" =2.44 mms’.
18.499

Q2di. V(h)= j‘zz(loge(y—l)Jrs)zdy.

l+e™

ozaii, &Y. — 4V
dt  dh dt

dh ﬁ._ 12

&

Q3ai. r(r)=(t+1+L)i+(r+1—ij, 1>0.
t+1

r+1
1 1
x=t+l+—— y=t+l———, o x+y=2(t+1),
t+1

2 _(x+y)2+4
2(x+y)

ty

RS LR
2

2 x+y’

2 2

2x(x + y) = (x + y)2 +4 . Expand and simplify to XT _yT =1.

Since 120, ~.x2>2 and y20.
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Qb.

1 1
Q3ci. P(v2.3). Let [ r+1+——t+1-—— | be the
t+1 t+1
coordinates of the particle at time .

Required vector = t+1+L—\E i+ t+1—L—3 J-
r+1 t+1

2 2
Q3cii. Distance D = t+1+L—\E + t+1_L_3 )
t+1 t+1

Use graphics calculator to find the shortest distance.
D, =1.732

Q3ciii. Time=1.414

Q3d. v(t)= % r(t)

1 1
Att=+2, v={l-—— |i+| 1+ ———
{ (ﬁﬂ)z] [ (ﬁﬂfJ
Speed =+/0.828> +1.172% ~1.4.

Q4a Z7+l:(Z+l)(Z6—Z5+Z4—Z3+ZZ—Z+1)
Toz+1 z+1

= -+t -+ -z+1.

A=C=E=G=1and B=D=F=-1.

Q4b. Since 7’ +1=(z+1)P(z), the roots of P(z)=0 are the

roots of 7z’ +1=0except z=—1.
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Qdc. z= cis(i Ej R cis[i 3—”] s cis[i‘ 5—”] .
7 7 7

Q4d. P(z)z -+t -+ —z41

= (Z—Zl)(Z—Zz)(Z—Z3)(Z—Z4)(Z—ZS)(Z—Z()),
" 2022232425%6 =1

Q4e. The z term in the expansion of

(Z_Zl)(z_ZZ)(Z_ZS)(Z_Z4)(Z_ZS)(Z_Z()) is

—(z+z+ 2z 2+ ge)e.

{5)eaf5)oa{ ol )5
el Sl
el 5 )l )
{5l o o)
Aol
2on{ZJr2en{ ) e 2]

oo oo 2 enf ) 1.

QS5a. The force of friction is zero.

Q5b.

> 2.5%9.8¢c0s30°
M 2.5%9.8c0s30°
~— ——-2.5%9.8sin30°

The component of the weight force along the plane is
2.5%9.8sin30° =12.25 N and it is less than the sliding friction
UN =0.7x%(2.5%9.8c0s30°) =14.85 N.

..the object is at rest, and the friction preventing it from sliding
is 12.25N.
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3+, vz, sz =1,

Q5ci.
2.5%9.8c0s40° =18.77

7N =0.7x18.77 =13.14

\
\\ 2.5%9.8co0s40°=18.77

3

e

72.5%9.85in 40° = 15.75

Resultant force ="15.75+"13.14="2.61N,
R 1261

a=—=—"""="1.044=~"1.04 ms™.
m 2.5
Q5cii. a="1.044, u=0, s=*3.0, v’ =u’ +2as,
v=2.503 ms.
IMomentum!| = mv =2.5x2.503 = 6.26kg ms ™.

Q5d The 43 N pulling force has a vertical component of
43c0s20°=40.41N, and it is greater than the weight
2.5%9.8=24.5N of the object. Hence the object takes off from

the plank. The following diagram shows the two forces on the
object.

I 43N
: 20
|

|
|
|
| 43/50°
|
|

245N : R

R =143> +24.5> —2(43)(24.5)c0s20° = 21.664 ~ 21.7N

Qse. sin@° _ sin 20° e
24.5 21.664
The direction of the resultant force R is 20°+22.8° = 43° with

the vertical, which is also the direction of motion.

=22.8°.

Q5f. The object takes off from rest under a constant resultant
force of 21.7 N at 43° with the vertical. It moves in a straight
line into the air in the same direction as the resultant force and

accelerates at E ~8.7 ms”
25

Please inform mathline @itute.com re conceptual,
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