MAV Specialist Mathematics Examination 1, Solutions, 2002

MAV Specialist Mathematics Examination 1
Answers & Solutions

Part I (Multiple-choice) Answers

1. E 2. B 3.C 4. A 5. C
6. A 7. A 8. B 9. D 10. D
1. A 12. B 13.C 14. C 15. D
16. A 17. E 18. A 19. E 20. E
21. E 22. D 23.C 24. B 25. E
26. E 27.D 28. E 29. B 30. D
Question 1 [E]
- - >
AB= AO+ OB
- -
=0OB-0A
4i-2j)-(5i-2j-k)
=—i+k
Question 2 [B]
lz-1+2i=2

e+ yi—1+2i]=2
(x=1)+ (y + 2)i| = 2
Jx-12+ (y+2)? =2

(x-12+(y+2)°=4
circle, centre (1, — 2), radius 2

Question 3

-1<3x-1<1 3x-1<1
3x-12>-1 3x<2

3x=20 x < %

x>0

OR

28in~1(3x— 1)~ 2 = —25in‘1[3(x - %)] 2

f(x)=Sin~Y(x), dom f =[-1, 1]

g(¥)=Sin"'(3x)  Dilated by a factor of %

_(_11
dom g = [— 3/ 3]

. INP 1
h(x) = Sin [3(x - 5):| is g(x) translated 3

units right.
dom Jr = [o, %]
Note: The two (-2)’s in the given function do
not effect the domain.

Question 4
sec?x=1+tan?x

1.4

_1+25

_2

— 25

_ N29 . 3n
secx = 5 ,since m< x < >

[C]

[A]
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Question 5

Im (2)

0

1 N Re (2)
-1
-2
tan 6 = :—1 =1
_5n

0= 4

S-l-i= «/Ecis(— 375)

Question 6

1-4x 1
4(4 X )
= —SJ‘ _i dx
1y 2
2 (2) X
= —%Cos_l(Zx)+ c
Question 7
3 4 2 1
_[2 x—zloge(;) dx Let u=<=2x
du _ , 2 _
% =-2Xx"“ =
du 4
_ZE - x_7-
. 2
Terminals: x=3, u= 3
x=2, u=1
2
—2J.13 log, (u)du

[C]

[A]

[A]

Question 8
4
1+i)* = (ﬁcis(g))
= 4cis(m)
= 4(cos(m) + i sin(r))
=-4
Question 9

If z = rcis(8), then z = rcis(-6)
Question 10
_ati, 3 -
r(t)=3e " i+ Ecos(Zt)]

P ()= -3¢t i- 2 x 3sin(2) ]

2
7(0) = -3i
i0)=3
=3
Question 11
1 81 1(8 1)1
Am—i(“@)z E(@*E)E
_1(17 .25
‘4(9 +18)
_1(59
T 4\18
_ 5
72

[BI

[D]

[D]

[A]
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Question 12 [B]

J' 1
x log, (5x)
1

-] x [ ff ™ ]
loge(5x) f(x)
= loge(loge (5x)) +c

OR

In order to determine the correct response to
this question, students could systematically
differentiate the options.

dy 1
If y=1log.(5x), d_z =

If y=1log,(log.(5x)), Let u=1log,(5x)

d 1
y = log () ==
dy _dy o du du
dx ~ du” dx
1_1
= — X —
u’ x
_
xlog,(5x)
Question 13 [C]

Before translation, asymptotes given by

y=i%x or use (y—k):i%(x—h)

— 10,
=t 3 (x—2)
y=12(x-2)
Question 14 [C]

4 2x—4
J 4x+7 2jlx x4x+7

_ E[1oge(x2 —4x+ 7)]1

= %(loge 7 - log, 4)

o)
-l

-l

Question 15
a=2i- =16+9+4 =+/29
b=3i+2j+k, b|=vVo+4+1=114
a.b
cos0=—"F
<H
_ 2(3)-3(2)+ 4(1)
V29 x 14
__4
406
0= Cos‘l(iJ— 78.50°
N406 ) T
Question 16

If | grams dissolved, then (8 — 1) grams
undissolved.

dal _ 25

Hence W(S -1)

8-
4

Question 17
y =sin(3x—1)

dy _
o 3cos(3x—1)

4y

=-9sin(3x -1
o ( )

dy dzy
9y+ 35*‘@

=9sin(3x - 1)+ 9cos(3x —1) — 9sin(3x — 1)
=9cos(3x—1)

[D]

[A]

[E]
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Question 18

5n 3w
uv—3><2czs(6 + 4)

_ 6cis 10w+ 91t
12

_ 191
6CZS( B )
= 6¢is _om since—-mT<O<T
12

Question 19

Method 1: Consider total motion.
s=40m, a=9.8m/s?, u=-15m/s

_ 1 .2
s-ut+2at

40 = —15¢ + 4.9¢2
49t% —15t— 40 =0

Quadratic formula = t = 4.77sec, since t > 0

Method 2: Consider upwards and
downwards motions separately.

Upward motion:

u=15m/s, v=0m/s, a=—-9.8 m/s?

_v—u _ 15 _
t= . T 98- 1.53 seconds
v —u? = 2as
2 2
_—ut _ —157
s=—5- 196 =11.48

Downward motion:
s=40+11.48 = 51.48 metres,

u=0m/s, a=9.8 m/s?

_ 1 .2
s =ut+ 5 at
51.48 = 4.9¢2

t = 3.24 seconds, since >0
Total time = 1.53 + 3.24 = 4.77 seconds

[A]

[E]

Question 20 [E]
d 1 ,
Gx= 3 Yned = Ynth ), h=02
x y
3
1
1.2 3+ 0.2(—2) =3.2
1
1.4 32+ o.z(iz) 3339
1.2
Question 21 [E]
‘—2i+6j—9k‘= V4 + 36 + 81
=11
22
11( 21+6] 9k)
=2(—2£+6j—9lfj
=-4i+12j-18k
Option E: 4i—12 j+18k = —2(~2i+ 6 j— 9k)
Question 22 [D]
b‘zﬁ a.b=—(2%x1)+(3x-2
b b= (X D+ (3x2)
_8
5
Question 23 [C]
gy dv_1
dx ' dx 2
_x, 1
=272
X
T4
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Question 24

1= i-2jek
f:ti_th+tlf+f
t=0,7:=2:;—3l§,:>gz2£—31§
r=(t+2)i-2tj+(t-3)k
Question 25

y= Sin‘l(z) Let 1= 2 = 251
x x

du 2_ 2
E =-2x"“= x2
dy_dy e
dx  du” dx
-1 =2
1-u2
_ -2
2 4
xc |1-—
x2
_ -2
2 x2 -4
x2
_ -2
2 x2 -4
X
_ -2
X (x2 —4)
Question 26

dv _ 5 02t
I 3e +2

U= _[(36'0‘2t + Z)dt

v=-15¢"02t 4 2t 4+ ¢
Starts fromrest (t=0,v=0),c=15

Hence v = -15¢92t + 2t + 15

Whent=2, v=_895

[BI

[E]

[E]

Question 27

N =mgcos0, F=uN =umgcos0
R=mgsin®-F,

=mgsin®— U mg cos O

_R_ gine-
a—m—gsme W gcosO

Question 28
R=N-4g
N-4g=4x3
N=12+4g
=51.2

Question 29

Ap=p -p , p=mxv
~  ~final ~initial ~ -
= 4(5) - 4(8)
=-12

Question 30

- -

—
Long diagonal : AC = AO+ OD
- o
= OD-0A

=d-a

%
Short diagonal : OB =b

Diagonals are perpendicular if (d— 11) :

b

0

[D]

[E]

[B]

[D]
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Part II Solutions

Question 1

1 _ a b
9_2 3-x 3+x

a3+ x)+b(3-x)

B-x)B+x)
1=a(3+x)+b(3-x) [A]
Ifx=3,1=6a,a=%
If x=—3,1=6b, b=+
- 7 - 7 _6
11 1
92 66-% 6B+ [Al
2 . 1f x
b. = 1~ A
.[ 2 dx = 2Sin (3) [A]

y= +1
9— x?
2 1 2
= + +1
! 9-x° \/9—x2
20 1 2
V=n + +1 |dx
J.o 9-22 " Jo_4 } M]

2
n[ loge 3 * x + ZSm_l(%) + x] [M]
0
12
= [ loge 5+ 2Sin” §+2)—0:|
11.71 cubic units [A]

Question 2
H(x)= Letu=1-x
1-x
du
E__l
x=1-u
1-u o1
h(x):—j - du:J'(—u 2+ u2)du
u2
1 3

=-2u2 +§u2 +c

= 20— 0I-0) -2a- ) +c
=%ﬁ(1—x—3)+c
—%4/(1—x)(x+2)+c
Since h(-3) = %,

4__ 2. _
3=3( DV4+c,c=0

2
h(x)=—§(x+2)4/(1—x)
Question 3
a.  w=1-+3i
Argw=—%
2 3n i
b. arg(z w) (ZXT)_§
_3n_ =
2 3
_7n
6
Arg(zzw)=—%t
c. 2= 2is 3m_ —E))
w

M]

[M]

[A]

[A]

[A]

[A]
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Question 4

a.  R?=32+42_2(4)(3)cos(105°)
Diagram [M]
R = 5.59 Newtons [A]

b.  Let the angle between the 3 Newton

force and the Resultant be 0.

. 5.59 4
By sine rule = — M]
Y sin(105°)  sin® [
. 4sin(105°)
sin @ = — 559
0 = 43.755°

Hence angle between the Resultant
and North is 43.755° — 30° = 13.755°

=L —0279 m/s?
m

2.79
13.76°

=<

sin(13.755°) = 559

& ¢ =2.79sin(13.755°)

M]
c=0.664

cos(13.755°) = % & d = 2.79cos(13.755°)

d=271

Hence a=-0.66i+271j [A]

OR

2 F =3c0s60°i+3sin60° j—4cos45°i +4sin 45° |

~—0.66i+2.71]
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Question 5

y
y=f(x)
1 1 0 1 1 1
T T T T T T T T T T X
-2 a -1 b ¢cO0 d 2 e 3 f 4
2+
44+
y
1 1 1 0
T T T T x
-2 a -1 b D
o+
44
Local minima at ‘a” and ’f’; local maximum at ‘d’. [A]
Points of inflexion at ‘b’ and “¢’. [A]
Correct general shape. [A]
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