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MAV Specialist Mathematics Examination 2
Solutions

Question1 a.i.

22 = (1-2i)?
=12 -4i—4
=-3-4i [A]
Question 1 a. ii.
P(z)=0
z2-5z+7+i=0
L 5+./25—4(7+i)
B 2
_5+V-3-4
B 2
Using the result from a. i. [M]
5+ (1-2i)
a 2
z=2+1 [A]
or z=3-1i [A]
Question1 b.
1 mark for both of their points correctly
positioned. [A]
Imz
4
3
2
1 oV
0 Re z
-3 -2 -1 1 3
-1 o
W
-2
=3
-4

Question1 c. i.

S={zlz-d=f-ulzeC}

|x+iy—2—i|=|x+iy—3+i|
|x—2+iy—i|=|x—3+iy+i|
(x— 2)2+(y—1)2 :(x—3)2+(y+1)2
X2 —4x+4+ y2—2y+1=x2—6x+9+y2+2y+1
—4x—-2y+5=—6x+2y+10
—4y=-2x+5
_x 5

2 4

Question 1 c. ii.

On graph, to gain mark should be a
straight line with y-intercept (0, -1.25)
and x-intercept (2.5, 0)

Question 2 a.i.

1

4 “1y) = Tan lx+—2
dx(xTan x) = Tan “x 122

Question 2 a. ii.

x
1+ x

Tan"lx = % (xTan_lx) - 5

-1 _ i -1y _ X
JTan xdx—j(dx(xTan X) 1+x2)dx

xTan_l(x)— %loge (1+ xz)

Question 2 b.i.

9Tan ! \ﬁ

Ji

9Tan_1«6
V3
Ix T

= @3=«@n

o(t)=

v(3)=

[M]
M]

[A]

[A]

[A]

[M]

[A]

[A]
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Question 2 b.ii.

3 -1
9Tan «/?
x=|————dt
G

Let u =+t [M]

Whent:3,u=«@
Whent=0,u=0

du 1
au_ 1 M
dt 24t M

X dt

Jt dt

3 -1
Y f 9Tan lu_ 2+tdu
0

V3
=18 j Tan udu (Al
0

= 18:uTan_1u— %loge (1+ u? )]f

=18 (ﬁTan-l 3—%loge(1+\/§2))—0:| [M]

183 xg—loge(z)]

=6mv/3-181og,(2) [A]

Question 3 a.

QR is tangential, therefore <OQR is a

right angle M]
_0Q
cosO= OR ‘
5 Answer given, so
=2 need to see working [M]

0=Cos_1(z)
x

Question 3 b.
Arc Length
C= r6°

_1(2)) Answer given, so need
C= 2(7: —Cos (;)) to see working [MI[A]

Question 3 c.

et

2 du -2

Letuz;, E—x—z [M]

C= Z(TE - Cos_lu)

Z_Cz 2 [M]
u 1-u?
dC _dC_ du
dx ~ du” dx
-2 2
4 %2
1--=
x2
-2 2
1y2_4 x?
2 -2
= xX—= [A]
Vxc—4 X
—4

Question 3 d.

Since <OQR is a right angle

V= 2(1‘5 - Cos_l(%)) +Vx2 -4 [A]
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Question 3 e.

av _dv dx
dt = dx T dt
Given 4x _
i~

V= 2(71: — Cos_l(%)) +vx2 -4
v__ 4«
dx xx/x2—4 \/x2—4
dv _ —4+x?
dx xNx%—4

_Vx2—4

T x
d_V— “x2_4x_3
dt — X
Atx=6
dV _36-4
T 6 <7

__A32

2

=22

Question 4 a. i.

aT
S = KT =59)

Question 4 a. ii.

T
Er=kT-9)

a1
AT~ k(T-9)

t+c=%loge(T—S)
kt+kc=1log,.(T -S)
€kt+kC:T—S

Let A= eke
T = Aeft + S

M]

M]

M]

[A]

[A]

M]

[A]

Question 4 b.i.

Att=0 A+S=20
Att=10 Ael% +5=15
Att=20 A2k 1 5-11

Question 4 b.ii.
S=20—-A ..(D
Aet0% 4 20— A=15

A(emk _1)2_5 ... (2)

Ae2k 120 A=11

A(ezok _ 1) -9 ... (3)
Al 020k _1 ~
(2) + (1) —AEelok - 1; - __g k0

5(610k)2 _ 529,10k _g
5(e10k )2 —9e10k 4 4=

(5610k _ 4)(610k _ 1) -0

OR
A(elok _ 1)(610k + 1) =
A(elok B 1) -5
el0k 1= %
10k _ %
(5€1Ok _ 4) . 210k =%
4 4
) gl
. log, (%)
Substituting k = 10 >/ into (2)

o ¢
A e 10 -1{=-5

[A]
[A]
[A]

[M]

[M]

M]

M]

M]

[M]
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Substituting A = 25 into into (1)
§=-5

tloge(%)
T=25¢ 10 -5

Question 4 c. i.

Hog. (3]
T=25¢ 10 -5
Ast — oo, T —-5°C

Outside Temperature is -5 °C

Question 4 c. ii.

tloge(%)
0=25e 10 -5

tloge(%)

25e 10 =5
tloge(%)

e 10 =02
tlog,(2

—fg( ) log,(0.2)

t = 72 minutes 8 seconds (to the nearest
second)

M]

[C]

M]

[C]

Question 5 a. i.

Alternative 1

x = 3cos 2t y = sin 4t
%: cos 2t y = 2sin 2t cos 2t

x2 = 9cos? 2t
2

X _ 2
9 cos” 2t

=1-sin? 2t

2
sin22t=1—%

2
PV O AV
y=2x%4/1 9 %3

_ 2xv 9—x2

9
452 (9 —x2 )
2 =
Y 81
Alternative 2
x = 3cos 2t

4x%(9 — x2
o3l

4x2(9—x2)2

RHS= 31

4x9cos? 2t><(9— 9cos? 2t)

81
4x9cos2 2t x 9(1—Cos2 Zt)

81
=4cos? 2tsin? 2t

= (2cos2tsin2t)?

=sin? 4t

LHS = RHS

4x%(9 — x2
)

M]

[M]

[M]

[M]

M]

[M]
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Question 5 a. ii.

y
4__
2_-
- - - - x
_ -2 - 0 2 3
2+
_4__
2 marks for complete graph showing both
positive and negative components of the graph,
correct axial intercepts and range.
1 mark for half the graph, with correct axial
intercepts and range.
Question 5 b.
r(t) = 3cos(2t) i+ sin(4t) j
7(t) = —6sin(2t) i+ 4cos(4t) j [M]
7(t) = =12 cos(2t) i— 16 sin(4t) j [A]
Question 5 c. i.
r(t)- 7(t) =—36c0s? 2t —16sin? 4t
=-18(2c0s? 2t)-16sin> 4t [M]
=-18(cos4t+1)-16(1-cos? 4t ) [M]
=—18(U +1)-16(1-U?) M]
=2(8U2%-9U-17) [A]

Question 5 c. ii.
r(t)- F(t) = 2(8U% - 9U - 17)

= 2(8U - 17)(U +1) [M]
r(t)- #(t) = 0 when

_17
U= 8

U=-1
U =cos4t (M]

17

Disregard U = 3

because it is greater 1

cos4t =-1
4t = T+ 2nm

_ T+ 2nm [M]
T4

n is a positive integer or zero

t

Question 5 c. iii.

e 2n) . . (4m) .
Z(Z)——Hcos( 4)£ 16sm( 4)1

=-12 COS(%)i— 16sin(m) j

~

=0i-0j=0 [A]
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Question 5 d.

The position and acceleration vector will be
perpendicular if r ) - Z (t) = 0 given that neither

r(t)=0 or F(t)=0. [M]
r(t)-7(t)=0

T+ 2nm
4

- —12cos(2(“+f””)) i- 16sin(4Lf’1@)j

When t =

~

= —12cos((’°+—22”“)) i-16sin(n+2nm) j [M]

~

=0i-0j=0, forall nwhenn isa positive
integer.

This implies that #(f) = 0 every time that
r(t)- #(t) = 0, so the position and acceleration

vector are never perpendicular, and so the

[A]

train will not derail.
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