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MAV Specialist Mathematics Examination 1 Solutions

2005 Specialist Mathematics
Written Examination 1 (Facts, skills, and applications)
Suggested answers and solutions

Part 1 (Multiple-choice) Answers

1. E 2. D 3. C 4. D 5. E
6 D 7. A 8. C 9. B 10. B
11. A 12. C 13. A 14. A 15. D
16. E 17. D 18. A 19. B 20. C
21. B 22. B 23. C 24. E 25. A
26. C 27. E 28. A 29. C 30. B
Part 1 (Multiple-choice) Solutions
Question 1 [E]
2 2
3 +3) =4 _ ;4
5 6
2 2
x+3) 0= _
5 18
Maximum y-value occurs when x + 3 =0
(-4 =18
y-4 =32
y=4+32
Question 2 [D]

For there to be no vertical asymptote

2
x +mx-n#0

This means that b2 —4ac <0 ,wherea=1,
b=mandc=-n

Womi+4n<0

2
= m < —4n

Question 3 [C]
4 3 2 2
X —X =Ccosec x —cot x
4 3
x —x =1
4 3
x —x —-1=0

Use a graphics calculator to sketch the graph.

N/ X

We have two points of intersection

Question 4 [A]
The graph has the same shape as y = cot(x)
y = cot (x)
Period length is g
y = —cot(2x)

T
Phase shift is 12

sl —_— —_——
y= Cot(2(x 12)
sl — —_—
= Cot(2x 6)
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MAV Specialist Mathematics Examination 1 Solutions

Question 5 [E]
y=Tan " (J3%)

Let u=3x and y=Tan '(x)

du:ﬂandd .

deofy T duT g2

a1 B

3
dx  1+3x" 2y

B
20x (1 + 3x)

Question 6 [D]

Izl =3 and Arg(z) = -g
Question 7 [A]
u = 7cis (%j and v = acis(b)

= Tacis| Z + b
uy a01s(4+j

Ja=42 and Z+p="L

4 20
a=6 and b_zn—o—g—g_ _%
Question 8 [C]
A=b"—dac

a=1+i,b=4iand c =-2(1 -1i)

A=16i"+8(1—i)(1 +1)
= .16 + 16

=0

Question 9 [B]
u = 2 cis (%)
4
Z=1u
_ 4. [4n
2= (2 eis[ 42

Question 10 [B]
lz—1l+1z+ 11 =3
This locus is an ellipse with foci at (1,0) and
(-1,0). This sum of the distances from these

points is 3.

Question 11 [A]

[
J1 -4
6
= | ———ax

) /l—xz
4

= 3Sin" (2x)
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MAV Specialist Mathematics Examination 1 Solutions

Question 12 [C]

T
J sin’(2x) sin(2x) dx
T

|

= J (1 - cosz(Zx))sin(Zx)dx

(8]

Let u = cos(2x)
% = -2sin(2x)

_ du
-2sin(2x)

For the terminals
u = cos(2x)

When x =7, cos(2n) = 1

When x = %, cos(m) = -1

Substituting appropriate values we gain

1
AN du
J_ l (1 —Uu )Sln(z.X) X m

Question 13 [A]
V=TCJ yzdx
For y = —
x +1
2
2
V1=TCJ (25 jdx
0 x +1
For y =1

2
0

V= VI_VZ

2
2
:nJ (25 ) 1 dx
0 x +1

Question 14 [A]

Using a graphics calculator for example
fnInt((x+3)/(2sin(x)),x,4,5) we gain the result -
4.014 correct to three decimals places.

Question 15 [D]

Jxm dx

Let u=3-x
= x=3-u
du
—_ = _1
dx
dx = —du
Substituting appropriate values into original
equation

J)@B—x dx
J G -wfu —du
=—J 3ﬁ—u5du

= - [ZM;—gu;jl
5

3 s
2 2
=-2u +%u

v

Substituting u =3 — x

3 5

2B -x)" + 2(3- X’
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MAV Specialist Mathematics Examination 1 Solutions

Question 16 [E] Question 18 [A]
T
8
an (2x dS
J sec2(2)c)e2t 20 i 10
0
S = ﬂ:r2
Let u = 2tan(2x)
J ) le—S =2nr
I = dsec’(2) !
* dr _dr ds
d du dt ds dt
T
4sec”(2x) __1 % 10
2nr
Evaulating terminals 5
u1=2tan(%) =2 _E
u, = 2tan(0) = 0 Question 19 [B]
dy _ 2 + 1
Substituting into the original equation to gain dx Y
2
u 1
J sec2(2x)e X —dzu Z—x T E—
0 4sec”(2x) Yoy +1
. x=Tany + ¢
= %J e du
0 Aty=1,x=0
w2
= %[e }0
O=Tan 1 +¢
(2 0
=_le —e
4( ) 0=24¢
) 4
= l(e - 1)
4 e X
4
Question 17 [D]
D fxry=e " 1
dx—f(X) =e x = Tan (y)_%
X0=2, Yo = 1, and £ =0.1 x+£=Tan_l(y)
4
2 y=tan| x + E
x=21 y;=1+4+0.1e =1.01353 4
X, =22 y,= 101353 +0.1¢7" = 1.02578
y, = 1.0258
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MAV Specialist Mathematics Examination 1 Solutions

Question 20 [C]
a=v %
dv_ 1 « _2x _ 2x
dx 3 1 2
(1-2) 1=+
2 2x
a= 1 X N
(- [1-2)
_ 4x
(1)
Alternatively
df1y?
_\2
4= dx
2
Vv =
1- x2
Vo= 4
1- x2
v_2 fd 2
2 q_ x2
2
d %V 4x
dx (1 - x2]2
Question 21 [B]
@ —_ 3
dt v2 9
2
ch:V;9dv

L
t=JV;9 dv
2

The terminals are reversed because the curve is
below the x-axis for the interval [1, 2]

Question 22 [B]
For PORS to be a parallelogram
— —>
PQ = SR
_’
PQ =q-p
=1+y]--3k
=1+yj+3k
_’
SR=r-s

=51+2x]+k—-yi+2k
=S -y)i+2xj+3k

S5-y=1
= y=4
2x=1y
= x=2
Question 23 [C]

Let the point (2, 2, -1) be represented by the
vector & =21+ 2] —K and the point
(-4, 0, -3) be represented by the vector

b =-4i-3k

a xb =lallblcos®

axb=-8+0+3

lal=J4+4+1 =3

bl=J16 +9 =5
_axb

cos0 allb]
__-5
3x5
=_1
T3
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MAV Specialist Mathematics Examination 1 Solutions

Question 24 [E]

2 2
(x+1)"+y + 1 jgacircle with centre (-1,0)
and radius 1

Let x + 1 = cost

= x=cost—1
This possibility is not evident in the answers.

Let x + 1 = sint
= x=sinr—-1

and y = cost
r(¢) = (sin(¢) — 1)1 + cos(9) ]

Question 25 [A]

() = (37 -2)i- (7-50j -4
1() = 61i —-5]

= 6ti + 5]
Question 26 [C]

="M+ (6n]

1
I
SIS

-0.1

=101 + 37 + ¢

1<

Atr=0, L =0

0=-101+c¢

= 10i

10

v =-10""i + 374] + 10i
=10(1-¢"")i +37j
Question 27 [E]

F =ma
=5(20 — 10cos(21))

Max value occurs when €08 (27) = -1

F=5(20 + 10)
=150

Question 28 [A]
14 AN
30° uN
,,,,,,,, o~
v 10g
73 = UN
AL
N
7+N=10g
N=10g-7
=98 _-7=9]
M=%B
91
_JB
13
Question29 45 [C]
m
5
Q
R
R 5
P 5

O+ P =542 North East

R must act with equal and opposite

force, which is Sﬁ Southwest
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MAV Specialist Mathematics Examination 1 Solutions

Question 30 [B] | Question 2
y= ezxcos(x)
F, = 200a = 1000 — 200 ¢ % = 2¢”cos(x) — ¢ 'sin(x)
q = looo _200¢ 5
200 200 = ¢ (2cos(x) — sin(x))
=5-98
=48 2
€L =26 (2c0s (x) — sin(x)) + €™ (2sin(x) — cos(x)
dx

Part II (Short-answer) Solutions = ¥ (dcos(x) — 2sin(x) — 2sin(x) — cos (x)

Question 1 = ™ (3cos(x) — 4sin(x))
a
Equation of line: y—y, = m(x —x,)
4 d 2
m=% d—);+kd—§; +y=-26xsin(x)
x

Point on straight line: (c, 3) LHS = ¢” (3cos(x) — 4sin(x)) + ke *(2cos(x) — sin(x)

y-3= %(X -c) + e™cos (x)

y = %x - % c+3 = ezx(4cos (x) + 2kcos(x) — 4sin(x) — ksin(x))

2043 =5 cos(x): 3+2k+1=0
3

k=-2

sin(x): —4-k=-2
k=-2

© The Mathematical Association of Victoria 2006 Page 7



MAV Specialist Mathematics Examination 1 Solutions

Question 3
a
Leta=3i-2]j+kand b =2i+x] + 2k

We know that the two vectors are

perpendicular.
a-b=6-2x+2=0
2x =8
x=4

1<

= a+b

= 35‘—2l‘+l£+2£+4j+2k

= 5£+2j+3§

Question 4
a

- (f— ot
v={(t 4)tan(48)

atr= 12

v=(12- 4)tan(12nj

48
_ T
= Stan(4j

=38

l()chlist B passes Cyclist A when they are the
same distance from the starting point.

Atr =12

Cyclist A: Dist=72m

Cyclist B:

12
Dist = J (t—4)tan (ﬂj =22.8922
\ 48

Cyclist B remains 72 — 22.89222 = 49.1078

Cyclist B is traveling 2 m/s faster than Cyclist
A

He will now catch Cyclist A in 24.55389
seconds

Therefore it takes him 12 + 24.55389 seconds

to catch Cyclist A, which is 36.6 seconds to
the nearest tenth of a second.

Question 5

135 —uN =0.5(12 + 18)
N =30g

135 —u30g =15

120 = 1 30g
_120
H=30g
— 0.4081
~ 0.41

T-041 x 18g=0.5 x 18
T=9+041 x 18g
= 81.324
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MAV Specialist Examination 2, Solutions

2005 Specialist Mathematics
Written Examination 2 (Analysis task)
Suggest answers and solutions

Question 1
a Concentration = _Mass
Volume
Mass = x

Volume = 20t+10-101
=10t + 10

Concentration = X
10 + 10

b Rate of Increase = Inflow — Outflow

dx _ _ 40t + 40
di (£ 4+ 1)1 +1)

40Tan’'t  20log[1 + 7]

1+ 1 +7
__40(1+0  40Tan’'t 20log(l +7)
F+1)1+n A+0° 1+7

__40  40Tan”'() 20log(1 + 7]
1+7 (+9° (1+10)°

cii

20 x 2
Inflow = 5 | 5
1+1 dx __40  40Tan’'(n 20log[1 + 7]
40 d 147 (Q+p° 1+’
- 2 1 2
1 +1 __40  40Tan’'() 20log(1 + 7]
Outflow = —1O% 1+ (1+0° (1+1)°
10+ 10¢
. _ 40 1 (40Tan_1(t)_2010g6(1+t2]
T+t 1+7 1+ (1+p° (1+1)°
ﬂ_#()
dx__40 _ «x BEYAREY
i |, 2 1+1
dx | x 40
= =
dr 1+1 2 dx, _x___40
b+1 T A TAt (47
ci
40 o -1 20 2
=——T + log(1 +1¢
g I +1¢ an - (x) 1+t0g( j
dx _ 40 _ 40Tan "'t
i (P+1)0+n (A+0°
20 x 2t 20log[1 + ]
(F+1)1 +1) 1+7
Page 1
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MAV Specialist Examination 2, Solutions

d

307
(1.87,25.53)
251 e

20

(20, 8.61)

2 4 6 8 10 12 14 16 18 20 t

ei

30%
(1.87,25.53)

251 e

204

157

103
(20, 8.61)

2 4 6 8 10 12 14 16 18 20 t

—-51

Find the point of intersection using a
graphics calculator
t=0.485

eii Second Point of Intersection
t = 8.655
Chemical remains effective

8.655— 0.485= 8.17 8.17 (2dp)

Question 2

22
lul =L +3=1
4 4
a1 A3 ]
arg(u):Tanl 3ZL :Tanl(ﬁ)
1
2

aii
u6 = lécis (6_%)
3
= cis(2m)
=1
aiii
L-1=0
6 .
z = cis(2m)
. [ 2nm
z=cis| ==
2
Imyz)
o1
1T 4
3 2 1 1 3 Re(z)
w
2t
— 2+
b
Im(z)
2 . .
11
P N Re(z)
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MAYV Specialist Examination 2, Solutions

ci & cii

Im(z)

~3 -2 -\ 2 3 Re(z)

T
ciii
B NCI
(‘ 2’5j a“d(z"f
Question 3
a
A=0252x15+2x1.25+2x0.85 + 0.55)
= 1.9875
b
10x _X + A N B

(Pa1)e+n L1 HHI

_ @+ A)Gr+ 1)+ Bl + 1)
(2 +1)ae+ 1)

10r = (x + A)GBx + 1) + Blx> + 1)

Let x= -1
3

2
f x+3_ 3 dx
2 3x + 1

2
=f 2x +23 __3 dx
o x +1 x +1 3x+1

2 1 2
= Bloge(x + 1) +3Tan (x) — log,(3x + 1)}
0

= (%10&(5) +3Tan” (2) — loge(7)) —(0+0+0)

= 2.18
d
Using h(x) = 10x
(2 +1)ae+ 1)
Atx=2
_ 10 x 2 0
h(2) =7 =2
2 +1)3x2+1)
10)C _4
7

(2 41)3e+ 1)
x = .0694and x = 2

Length of Usable Panel = 2 — 0.0694
=1.9306

Number of Panel Required = 1% =51.79
1.9306

Can’t purchase part panel, therefore
52 required.
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MAV Specialist Examination 2, Solutions

Question 4
a

[

12 m/s

60°

vo = 12c0s (60°)i + 12sin(60")
= 12><%i+ 12><32Ej_

= 6i+63 ]

b
t(f) =-0.1ti - (g-0.19]

2 2
() = — L i_ ]
r(0) =6i+6f3 j=c¢

2 2
e le i ]
z(t)—(6 20)1 (6~/§ + gt 20)1

3 2 3
= _ 1y _8r LT
r(t) (6t 6O)l+(6t‘/§ 2+50jl+g
1(0) =0=¢

3 2 3
() = (6t—%ji+ (6tJ§ —3£—+t—ji

50

To find T, we need to find

£ gt *
6r—L = | 6tf3 - R

60 50

3

2
=63 +8L L
S+ > 7350

6t + 613 —%gt2=0

t(6+6J§ - %gt):o

An alternative method

6T— LT

60
45° L]

6TJ3 —

L+—T

© The Mathematical Association of Victoria, 2006
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MAV Specialist Examination 2, Solutions

6TI _1 g’[z + 1 7’3 Question 5
an(45) - 2 i ) HN = Sgsin (30°)
6T— LT = Sgsin
” = 2.5g
1 1
6T- L7
60

1 = 1 1
—6T+%73_6Tf 2gT2+6OT3

0=6Ty3 + 6T—%g72

= 1273 + 12T - gT"
=T(12J3 + 12 - gT)

TzOorTzlz( 3+1)
8

2 2
WO PR L,
£<t)—(6 20)1 (@/5 + gt 20)1

i g2 120+B3)
g
r(f) = 5.44i — 42,62

Ir(0)| =544 + 42.67
= 42.9658
~ 43.0

uN = 5gsin(30°) + 0.5 x 8

_ 5gsin(30°) + 0.5 x 8
"= N

_ 5gsin(30") +0.5x 8
5gcos (30°)

= 0.67

T — mgsin(30°) — umgcos(30°) = 0.5m
T = mgsin(30°) + umgcos(30°) + 0.5m

T = m(gsin(30°) + ugcos(30°) + 0.5)
T

m = [e] o
gsin(30 ) + ugcos(30°) + 0.5

_ 160
gsin(30°) + ugcos(30°) + 0.5

_ 160
49 +5.7 +0.5

~ 144
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