MAV Specialist Mathematics Examination 1, Solutions, 2004

2004 Specialist Mathematics
Written Examination 1 (facts, skills and applications)
Suggested answers and solutions

Part I (Multiple-choice) Answers

1. C 2.A 3.B 4. C 5 E
6. D 7. A 8. D 9. D 10. B
1. A 12. E 13. E 14. A 15. C
16. E 17. B 18. C 19. A 20. C
21. E 22.E 23.B 24. D 25.C
26. B 27.A 28.D 29. D 30. B
1 General equation for an ellipse: [C]
2 2
R A
ac b
a=4and b=9
2 2
LS
16" 81!
7n)_ 3
2 LALLY = A
Cos( 6) > [A]
(B =
Sin ( 5 ) 3

Note: _—2“ <Sin~l(x) = %

sec2(x) -1= tan2(x)

2

cos(x) = 3
2(v)=2
= sec (x)—4

tanz(x) = % -1

Il
NS, ]

tan(x) ==

V5
2

N

x is in the 2"? quadrant .. tan(x) = -

z4-81=0
(z2-9)(z2 +9)=0
(z=3)(z+3)(z-3i)(z+3i)=0

z=%3,+3]1

z = 2cis (%ﬁ) and w = 5cis (%)
ZW = 10c1s(5—7c + n)

=10C1( ! 275)

. (71
=10 i
ClS( )

arg(zw) = 7%':

-1 < Arg(zw) =

s Arg(zw) = -—

[BI

[C]

[E]
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6 z=2+3i [D] Im(z)
z=2-3i
zw = (2-3i)(2-1)
=4-2i-6i+3i°
- Re(z)
7 z=-\3+i (A]
l2|=3+1=2 |
R
0=Tan! L_T
0 {Z:Arg(z)z—%}
Z=2c155?Jt
ot 20 felsgnfe: amo=-7)
6
3x-1 A B
’ B [D]
=16cis(107ﬂ) Zir6 P
A(x-2)+B(x+3)
) _
=16CIS(T'TE) ile-a
8 Im(z) D] —=3x-1=A(x-2)+B(x+3)
Let x=2
5=5B
=B=1
Let x=-3
~10=-5A
Re(z) —~A=?
~A=2and B=1
d(xTan‘lx) . L
v T 2 () [B]
4 d(xTan‘lx) .
=T dx 241
= [ Tan™! (px=aTan”! (x) - [ *—dx
xX°+
= xTan™! (x)—%ln(x2+1)
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1 [ 2x-ldx [A]
Let u=2x-1
=2x=u+1
du
d==2
an Iy
du
dy = 44
=dx >
For terminals: x =3 u=6-1
u=>5
x=1 u=2-1
u=1
1 (u+2)Judu
12 y=x y=2-x2 [E]
x=2-x2
x2+x-2=0

(x+2)(x-1)=0
x=1,-2

y=1,-2

V= nfylzdx —nfylzdx

where y; =2-x%and y, =x

V=nf;(2—x2)2dx—nf3(x2)dx

=nf3(2—x2)2—x2dx

13 f;x—_—zzdx [E]
4-x
=f3x+ —2 dx
4-x?

14 Using graphics calculator. [A]
1/ .2 2\2
fo (ex +e ¥ ) dx =4.9626

15 Midpoint at x =% [C]

Approximate area = cos (2 X %)
=cos(1)

16 Inflow: %1 ~0.1x2 [E]

= 0.2 kg/min

. dX2 _ X
Outflow: 7t =100 x 2

X

50

dax = inflow - outflow
dt

dx X
ax _ognr_ X~
dt 0 50
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2
17 Z—g = cos(2x)
X

dy 1.
o 2sm(2x)+c

dy _ _
%—0 atx=0

N~ o

S

sin(2x)

y= —%cos(Zx)+ d

aty=0and x=0

_1
d‘4

y= —%COS(Z}C)+%

18 Z.Q=‘5H}2‘COSB

a.
= cos0=""-

Sk

a.b=2-3-6=-7
‘E‘=\/4+1+9 ~J14
‘,13‘=\/1+9+4 -14

[y

1

cosf=——=7 1
Jdx14 2
0=cos™! (—l)
_2n
3

[BI

[C]

19

20

21

[A]
! -3\3i  7i
+3]
N
i
9]
(9+3) j+(7-3V3) 1
Position vector: (7— 3x/§)1+12j
OT.TB= ‘ﬁ“H]TB‘COS £LOTB [C]
£LOTB =90°
c0s90°=0
OT.TB=0
a=2i+j+5k [E]

4a=8i+4j+20k
b--4i+
4a+b=4i+5j+20k

‘4g+g‘=\/16+25+400

=441
=21
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22 a=6i-2j+6k

b=-6i-2j+k

1 :
a=——|6i-2j+6k
~o2J9\ v~ T
b.it=——(-36+4+6)
~ 2419
_ =26
2419
_-13

19

23 x=t-1
y=5(t‘—1)2
y =5(x)?

we know that t=0

=x=-1

. y=5x where x=-1
24 7(t)=4cos2ti+3e'j
£(0)=4£+3l'
1(0)‘=\/m
-/25

25 F =2i+]

=4a=10i+j-5k
a=25i+0.25j-125k

[E]

[B]

[D]

[C]

26

27

28

[BI

5g

10

Tsin6=10
TcosO=5¢

10
tanf=—-2
an 5

0=tan™! (Z)
8

0=0.2013

d(lvz)

dx
2_1
2

N

a= =x+6 [A]

02 == x2 +6x+cC

N[ =

0% =x2+12x+d
2c=d

atx=1,0v=7
49=1+12+d
d=236

02 =x2412x+36
v=i(x+6)

Distance travelled is area enclosed [D]
by graph over the interval:

A=%x6x4+%x6x4+2x6

=12+12+12
=36
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29 Weknow: T-wmg=ma ——1 [D]

T=myg —2

If mya>0 then the block will move.
From 1 and 2:

myg —um g =ma

If mya>0

then myg -wmyg>0
my8 >wm g

"y > Wy

30 [B]

ulN

mg

Short answer solutions

Question 1

flr)=—"1

1+x

Let u=14+x2

(M1)

=— (A1)

(A1)

b yo =y +hf'(xq)
! =f(1)=—%
1t=0.01
fx)=fW-3

Yo =—%+0.01x%
=-0.495 (A1)*
* must include working
Question 2
4 - x2
J2
- [Sj_n‘l (E)] (M1)
2 1
=Sin~! (%) ~Sin™! (%)
Tt _rT_ T
176" 12 (A1)
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Question 3

a z(t)=4cost1+4sintl+3tk
j:(t)=—4sint1+4costl'+3]g
Z(O)=41+3]g
‘5(0)‘4@

=5

b Z(t)=—4sinti+4costl'+3k
F(t)=~4cos(t) i - 4sin(t)] +0k
#(t). #(t) =16sin(t) cos t )~ 16sin(t) cos(t) +0
7(t).#(t)=0 forall t,and 7(t)=0 and #(t)=0
- 7(t)is perpendicular to #(t)

Question 4

Im(z)

Re(z)

_4 4
Circle of radius 2, centre at (2, -1) (A1)
Correct shading (A1)

(M1)

(M1)

(A1)

(M1)

(M1)

(A1)

Both rays starting at (-1, 0)
Correct shading

(A1)
(A1)

© The Mathematical Association of Victoria

Page7



MAV Specialist Mathematics Examination 1, Solutions, 2004

Question 5

a (c036 +1sin 6)3
Using De Moivre’s Theorem
(cos@+ isinﬁ) =c0s30+isin 30

Using Binomial expansion
(cosG+ isin 6)3 = cos> 0+ 3cos? 0isin B+ 3cosBi sin 0 +i° sin> O
=0s> B - 3cosBsin? 0 + 1'(E’>cos2 Bsin 0 - sin> 6)
Equating real parts
0830 = cos® 0 — 3cosBsin? O
b Equating imaginary parts

sin 30 = 3cos? 0sin O —sin> 0

(A1)

(M1)

(A1)

(A1)
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