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SOLUTIONS

SECTION A
Question 1
C

Explanation:
3
cotf =

2

tan @ =

3
13

cosf = + (First and third quadrants.)

secl =

H

w
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Question 2
A
Explanation:

cos 2a

cos*a — sin*a

cos’a — sina

(cos?a — sina)(cos?a + sin’a)

1
(cos?a + sin’a)

=1

Question 3
D

Explanation:

T
f(x) =tan(20x — ) ,x € (0, 5] has a period of 20

. 5
So, there will be Tﬂ =100
20

Remove one intercept (at x = 0, due to domain restriction), so 99.

The phase shift of w units will not affect the number of intercepts.
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Question 4
A

Explanation:

z1 = cis (1”—0)

. (/m  2nm . )
Solutions are z = cis (E + T) ,where nis an integer
(T X 4nm ) )
cis (T) ,Where n is an integer
Question 5
B
Explanation:

12a hasalength of 12 x 1 = 12 and is by definition in the direction of a.

Question 6
C

Explanation:

AC =8i +2j + 2k
AM = 4i + l +k
MB =-2i + 2j - 3k

MA.MB =9

9
V18 x V17

cosfO =

6 =~ 59°
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Question 7
E

Explanation:

P(z) could have two real and one non-real solution is true. For example, solutions of
z=0,z=1and z =i implies P(z) = z3 — (1 + i)z?% + iz as required.

Question 8

B

Explanation:

mXxn= (4a — b) + (a + 4b)i
4a — b =11, a+4b =10

a= —2, b=3

m+n=0@U+i)+(-2-3i)=2-2i

Question 9

A

Explanation:

|z — 2i| = 2 defines the circle x? + (y — 2)2 = 4

Re(z) — Im(z + 4i) = 2 defines the straight liney = x — 6

The shortest distance will be the intersectionof y = —x + 2 and x?2 + (y — 2)? = 4

This will be the points (4, —2) and (V2,2 —V2)

Distance = |(4—VZ)" + (4~ VZ)? = VE(4 ~VZ) = WZ-2
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Question 10

C

Explanation:
z3+az?—iz?+bz+iz+c=(z—-1)(z+1)(z— 20
z3+az?—iz?+bz+iz+c=z3—2z>—iz°+2z+iz—2

a=-1,b=2,c=-2

Question 11
B
Explanation:

f(x) = xtan™! 2x

2x
f'(x) =tan"12x +(1+4x2)
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Question 12
D

Explanation:
Letu=2x+1

x=0u=1landx=1,u=3

du_2 dy = u
dx 0T
f"’u—ldu
N

1 (3 1

E.fl (\/——\/—H)du
3

%j w” —u=")du
1

Question 13

D

Explanation:

v
x

h
y=_x around the y — axis fromy =0 to y=h
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Question 14

E

Explanation:

Find the three points of intersection.
solve(x3 — 2x% = x2 — 1,x)

x = —0.5321,x = 0.6527,x = 2.8794

f_o('f:;;(ﬁ —3x%2 + Ddx + foz"685729:
~ 5.01

Question 15

D

Explanation:

d 2
a(x —6x+y“+8y)=0

dy dy
2x — 6+ (Zy)a-F (8)& =0

dy —x+3
dx y+4

Question 16

B

Explanation:

f(x) = x%e*

f'(x) = 2xe* + x%e*

f"(x) = 2e* + 4xe* + x2e*

Extreme gradients occur at points of inflection.

© TSSM 2019
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2019 SPECIALIST MATHEMATICS EXAM 2
f"(x) = 2e* + 4xe* + x%e* =0
e*(x*+4x+2) =0

x= —2+2

Look at the graph of f(x) = x2e* or otherwise, it is clear that x = —2 ++/2

is the negative gradient.

Question 17

A

Explanation:

a(x) = f(x)(g(x))?

a'(x) = f'()(g(x))* + 2f(x)g'(x)g(x)

a'(2) = f'@Dg@)* + 2f(2g'(2)g(2) =0

All terms in a" (2) have g(2) terms except 2f(2)g'(2)g'(2)

2f(2)9'(2)g'(2) =2%x2x3x3 =36

Question 18
D

Explanation:
Letx=p+1

1.5
sd(x) = —
n

_utl-up
TTIS
Vn

n = 14.96, so at least 15 pickets

= 2.579
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Question 19

B

Explanation:

Friction = 10g sin 20°

Up plane: F = 10 X 2 + 10g sin 20° + 10gsin 20°

F = 87 newtons

Question 20

A

Explanation:

Resolving horizontally
T cos 30° = F cos 20°
Resolving vertically
8g = T sin 30° + F sin 20°

T =~ 96 newtons, F =~ 89 newtons
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SECTION B
Question 1
a. (1 mark)

Answer:

0G = 15i+25]

b. (1 mark)

Answer:

North
30 Direction

of boat

25

Graceleigh (G)

20

15

10

East

v

-5 Floxton4(F) 15 20 25
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c. (2 marks)

Answer:

When the boat is 15 km east, (x = 15) it will be 15 tan 60° north.

15tan 60° =~ 25.98 km

So the boat passes about 0.98 km north of Graceleigh.

d. (2 marks)

Answer:

A~ 1. 3.
P=zl"7)

e. (1 mark)
Answer:

10t = 15
t = 1.5 hours

f. (2 marks)

Answer:

PG = PO + 0G

= —10t(i +V/3j)+15i+25]

= (15— 108) i + (25 — 10V3t) j
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g. (3 marks)

Answer:

PG| = J(15 — 10£)% + (25 — 10V3t)?

Sketch d = \/(15 —10t)2 + (25 — 10+/3t)?

Distance from Graceleigh

35

30

25

20

15

10

A

(1.4575, 0.4904)

t hours

»

[« ]

2.5

The boat comes within 490 m of Graceleigh after 1 hour 27 minutes.

h. (1 mark)

Answer:

b(0) = (15cos0° + 15) i + (10sin 0°) j

b(0)=30i+0j
So, the boats are 30 km apart.
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I. (1 mark)

Answer:

x = 15cos 2t + 15,y = 10sin 2t
cos®2t + sin*2t =1

(x-15° ) _

225 T 100 1
J. (3 marks)
Answer:

|PB| = J(15 cos 2t + 15 — 10t)% + (10 sin 2t — 10v3¢)?
. Distance between boats

45
40
. (0, 30)
30

25
20
15

10

> (0.8884, 6.3747)

(2, 44.73)

time

P

D 0.5 1 1.5 2

v

2.5

After 53 minutes, the two boats are at their closest distance of 6.375 km.
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Question 2
a. (1 mark)
Answer:

—x?—=2x+1
(x2 + 1)?

[ =
b. (3 marks)

Answer:

solve(—x* —2x +1=0,x)
x=-1+2

Substitute into original function.

_ 12
T2

When x = -1 —\/E,y

_1+V2

- 2

When x =—-1++2,y

14 4

1.2

y

(-1+2, Yo\2+Y5)

(-1-N2, Y-157\2)
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c. (3 marks)
Answer:

) —x?—=2x+1
f (x) - (xz + 1)2

The x — values of stationary points on the original graph will be x — intercepts on the

derivative graph.

Use CAS to find the stationary points on the derivative graph.

2(x3+3x2-3x—-1)
(x2+1)°

HOE
solve(x® +3x%> —3x —1=0,x)
x=1lorx=+V3-2

Substitute into derivative function.
When x =1, /(1) = —%

54343
8

When x=+v3-2, f'(¥3-2) =

When x =—V/3-2, f'(—V/3-2) =

© TSSM 2019
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y
144
(V3-2, (5+3\3)/8),
1
7 0 > X
6 -4 -2 D 2 4 6
-0.2
(\3-2, (5-3V3)/8) »
0 (11 _1/2)
d. (1 mark)
Answer:
Minimum when x =1, g(1) = _%

5+3v3
8

Maximum when x =3 -2, g(+3-2) =

1 5+3v3
Range: [_E’ 5 ]
e. (1 mark)
Answer:

5+3v3

Gradients on the original function vary from a minimum of — > o amaximum of
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f. (3 marks)
Answer:
n=20
_rl, x+1 o
Area= | (x2+1 f'(x))dx
1 x 1 /
B fo (x2+1 T X241 fi(x)) dx

= [Yloge(x* + 1) +tan" x — f(x) [§
=1 1oge(2) +tan™' 1 - f(1) — (Y2 log.(1) +tan™" 0 — £(0) )

s
=1/zloge(2)+Z—1—0—O+1

s
=% log.(2) + 7

g. (2 marks)
Answer:

_ 0 x+1 2
Volume=m [ ( =) dx

(-2 . .
= (4 )cublc units
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Question 3
a. (1 mark)

Answer:

N
Normal
reaction

W = 40g
Weight

b. (1 mark)

Answer:

40gsin30° = 40a

a=49ms?

x = Yat® +ut
5= 1%xX49Xt>+0

t=~143s

c. (1 mark)

Answer:

v? =u? + 2ax
v2=02+2%x49x%5

v=7ms !
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d. (2 marks)
Answer:

v? =u? + 2ax
52=02+2xax5
a=25ms?

40gsin30° — Fr = 40 X 2.5
Fr = 20g — 100

Fr = 96 netwons

e. (2 marks)

Answer:

P + 40gsin30° — 96 = 40a
960t + 20g — 96 = 40a

a =24t + 059 — 2.4

dv—24t+25
dt '

v = 12t* + 2.5¢t
v(0.5) = 12 x 0.5 + 2.5 X 0.5

v=425ms"!
f. (1 mark)

Answer:

dx
— =12t* + 2.5t
dt

x =42+ 125t 4+ 0

x(0.5) =0.813m

© TSSM 2019

Page 19 of 23



2019 SPECIALIST MATHEMATICS EXAM 2

g. (2 marks)
Answer:

v? =u?+ 2ax

v? = 4252 + 2 x 2.5 X (5 — 0.813)

v =6.245ms™ !

h. (2 marks)

Answer:

F=ma

40a = —100x
a=—2.5x

d

a(l/zvz) = —2.5x
Yv? = —1.25x% + ¢
v?=-25x*+c
x=0,v=6.245,c =39
v? = —-2.5x%+ 39
v=20

02 = -2.5x2+39
2.5x% =39

x~3.95m
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Question 4

a. (1 mark)

Answer:

(40)3 = 641° = 64i X i? = —64i
b. (1 mark)

Answer:

. om
Zy = 4as(§)

c. (2 marks)
Answer:
4 IM@)
- T
4(:|s(5)
, Re()
4cis(—> is(— ™
Cis(—=— 4cis(— =)
d. (2 marks)
Answer:

z1 = 4cis (g) = 4i

T
z, = 4cis (?) = —2V3-2i
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23 = 4cis (—g) = 2v/3-2i

e. (2 marks)
Answer:

z%2 = —64i
z? = 64cis (— g)
zZ] = 8CiS(—g) = 42— 42i

3
Zz=86i5(§)=—4\/§+4\/§i

f. (2 marks)
Answer:

From z3 = —64i

zg = 4cis (g)

From z2 = —64i

z, = 8cis (— g)

Z_2 z% = 8Cis(_f) = 2cis (— %) = —V2-iV2

z, 7% 4cis(3)

g. (3 marks)

Answer:

20
f (at(t—10))dt=1
0

_ 3
4000
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3 20
E(T) = —mfo (t3(t—10))dt =10

3 20
E(Tz):—mf (ts(t—lo))dx=120
0

Var(T) = E(T?) — (E(T))?
Var(T) = 120 — 10% = 20
o(T) = 2v5
h. (2 marks)

Answer:

t—10
2.326 =

V20
V23

t ~ 12.17 minutes
I. (2 marks)
Answer:

Let y be the average time of the entire class of 25 students.

2326= 710
T V20

V25
7 ~ 12.080

Let a be the average time of the two students who missed the original test.

12.080 x 25 =23 x 12.169 + 2a

a = 11.1 minutes
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