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Section |

10 marks
Attempt Questions 1-10
Allow about 15 minutes for this section

Use the multiple-choice answer sheet for Questions 1-10.

1 Which of the following is equivalent to % with a rational denominator?

2 Which of the following is the closest to 27” in degrees?

A 09°
B 102.9°
C b514°
D 161.6°

3 ltisgiventhatlna =Inb +Inc—Ind.
Which of the following statements is true?

A a=b+c—d

B ok
d
InbXxInc
C Ina=
Ind
b+c
D Ina=2°
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A

5  Consider the Venn diagram below.

According to the diagram, what is P(A|B)?

A

B

6  Which one of the following functions is not one-to-one?
A fX)=4—x%x=>0

f(x) =4 —x?

C f(x)=1-4x

B

D

The solution to [x—3 =6 is

Xx=-3,9

A

vl w wlm ol Wk
Sl

f) ==
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7  The circle centred at O has a radius of 7. Arc AB has length 6, as shown in the
diagram.

6 NOT TO
4 B SCALE

What is the area of the shaded sector 0AB?

A 2lrn
B 21
C 343m
12
D 343

12

8  Given the equation 2x> — X +5 =0 which statement is correct.

A The equation has equal roots.
The equation has no real roots.

The equation has unequal roots.

O O W

The equation has rational roots.
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9  The probability distribution of a random variable X is shown below:

X

0

1

2

3

P(X=x)

k

2k

3k

2k

What is the value of k?

A

B

10 Which of the following is true if f(x)=+/x andg(x)=16—-x’

A Domain of f(g(x)) is [0,4] and range of f(g(x)) is [0,4]

B

C  Domain of f(g(x)) is(4,4) and range of f(g(x)) is [0,4]

D Domain of f(g(x)) is [-4,4] and range of f(g(x)) is [0,4]

CTHS AP2 Mathematics Advanced 2019
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Mathematics Advanced
Section Il Answer Booklet

65 marks
Attempt Questions 11-27
Allow about 1 hour and 45 minutes for this section

Instructions » Answer the questions in the spaces provided. These spaces
provide guidance for the expected length of response.
* Your responses should include relevant mathematical reasoning
and/or calculations.

« Extra writing space is provided at the back of this booklet. If you
use this space, clearly indicate which question you are answering.
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Question 11 (5 marks)
If f(x)=x*+2x-8

(a) Find the x and y intercepts.

(b) Find the axis of symmetry.

(c) Find the turning point. State whether it is a maximum or a minimum.
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Question 12 (6 marks)
The volume V of a gas varies inversely with the pressure P it is under.

(@) If the volume of the gas is 120 cm® when it is under a pressure of 40 kg/cm?®, 2
find an equation that relates the variables V and P.

(b) What amount of pressure is needed so that the volume of the gas is 80 cm®? 1

(c) Draw a graph of the relationship between V and P, using P as the 2
independent variable and V as the dependent variable, where P > 0. Label
the axes.

(d) Describe what would happen to the volume of the gas if the pressure 1
approaches zero.
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Question 13 (4 marks)

A boat sails 30 kilometres from Island A to Island B on a bearing of 139°.
It then sails 55 kilometres to Island C on a bearing of 27° from Island B.

NOT TO
SCALE

Calculate the distance and bearing the boat must sail on to return to Island A
from Island C.
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Question 14 (2 marks)

Given that cos 8 = —g and 0 < 6 < T, find the value of tan 6. 2

Question 15 (2 marks)

The graph of y = f(x) is given below. Sketch the graph of y = —f(—x) 2
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Question 16 (4 marks)

The elevation of a building from T due east of it is 42°; at a place Q

due south of T, the elevation of the building is 33°. The distance from T to Q
is 600 metres.

Let the height (h) of the building be AB where (A) is the foot of the building.
Determine the height of the building to 2 decimal places

> :
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Question 17 (4 marks)

For the given discrete probability distribution

X

1

2

P(X =x)

0.3

0.2

0.4

0.1

(a) Find the expected value.

(b) Find the variance.
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Question 18 (3 marks)

In a class of 30 students, 13 students are in the soccer club, 14 students are in the
chess club, and 8 students don’t belong to either club.

(@) Construct a Venn diagram to display this information. 2

(b) If astudent is chosen at random, what is the probability that the student 1
belongs to both the clubs?

Question 19 (2 marks)

John enters a biathlon which includes cross-country skiing and rifle shooting. 2
He has a 39% chance of winning the cross-country skiing and a 32% chance of
winning both races. Find the probability that he wins the rifle shooting, if he has
won the cross-country skiing race?

(The biathlon is a winter sport that combines cross-country skiing and rifle
shooting. It is treated as a race where the contestant with the shortest total time
wins.)
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Question 20 (6 marks)

a) Using the method of first principles, fin X) i x) =3x“—05
(@) Using th hod of first principles, find f'(x) if f(x) z

(b) Hence, find the equation of the line that is tangent to f(x) at x = 2.
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Question 21 (6 marks)

Differentiate the following expressions with respect to x.
a 5
(@) 2x% +—

X

(b) (3x% —5x)°

() Bx—4)(4x+5)
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Question 22 (4 marks)

__ 2x+4 d_y _ X
Ify = N Show that ax = s
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Question 23 (3 marks)

Velocity, V metres per second, of a particle at time t seconds is given by

3
V=%—8t2+12t+8

Show that the acceleration is never less than 4 metres per second per second.

Question 24 (2 marks)

Differentiate y = —2e™3* + 5x3

CTHS AP2 Mathematics Advanced 2019 Page 17
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Question 25 (3 marks)

The amount A of money in a bank account after n years grows with compound 3
interest according to the formula A = 820(1.035)™.
Find how many years it will take for the amount in the bank to be $2000?

Question 26 (4 marks)

The pH value of a solution is given by the formula pH = —log;o[H*],
where [H*] is the concentration of hydrogen ions in moles per litre.

(a) Find the pH value of a solution in a chemistry lab whose label indicates 1
its concentration of hydrogen ions is 2.5 x 10™* moles per litre.
Give your answer to one decimal place.

(b) Find the concentration of hydrogen ions in moles per litre for vinegar if a 3
test strip indicates it has a pH of 2.4.
Give your answer as a x 107 to two significant figures.
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Question 27 (5 marks)

(@ The graph of f(x) = 2* + 1 is given below.
On the same set of axis sketch the graph of g(x) = log,(x — 1) showing
key features.

(b) Hence, state the domain and range of g(x).

End of examination
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Section Il extra writing space

If you use this space, clearly indicate which question you are answering
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Section I

10 marks
Attempt Questions 1-10
Allow about 15 minutes for this section

Use the multiple-choice answer sheet for Questions 1-10.

1 Which of the following is equivalent to % with a rational denominator?
A V6
_4- _2’_. P E 7 ’_5_\_.6"
B & V= \r a3 b 1S
D a2
4
2 Which of the following is the closest to ZTH in degrees?
°
A 09 2r = Skh
B 102.9° 7
D 161.6°

3 Itisgiventhatlna =Inb +Inc —Ind.
Which of the following statements is true?

A a=b+C—d 1“&-‘:‘ ?_nbc
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et x-3=( A “'3>: €

B x=3,9 x=9 e
= ~6%

C x=-3,-9 x = T3
=-3

D x=3,9

5 Consider the Venn diagram below.
A B
9

According to the diagram, what is P(A|B)?

P(P8) _ ¢

B P (8) RS

1
2

(@)
o w wlm [ R,
N,

6  Which one of the following functions is 70f one-to-one?
A fX)=4—-x2, x>0

B 16 = fa=xE

C flx)=1-4x

D 4
f(x)=;
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7 The circle centred at O has a radius of 7. Arc AB has length 6, as shown in the
diagram.

6 NOT TO
A4 B SCALE

What is the area of the shaded sector OAB?

A 21n 1=vr&
S
- 6
o ..
¢ = A= L y3x 5
_—
D 343 =_\_;\7—r)(/_€
12 x /—f

8 Given the equation 2x> —x +5 = 0 which statement is correct.

A The equation has equal roots. e bl—' tige
B ) The equation has no real roots.

= (- 1)2—44 x2 XS
C  The equation has unequal roots.

- | = 4HO

= =
. NO (m} ro’(ﬁS

D The equation has rational roots.
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9  The probability distribution of a random variable X is shown below:

X 0 1 2 3 +

P(X=x) k 2k 3k 2k k

What is the value of k?
KRA2ETARY ARY K = |

A 1
T C(K::’
C 3 k=3
€ 1 %
8
D 1
5

10" Which of the following is true if f(x)=+/x and g(x)=16-x

A Domain of f(g(x)) is [0.4] and range of f (g(x)) is [0.4]
B Domain of f (g(x)) is [~ 4,4] and range of (g (x)) is (0»4)
C  Domain of f (g(x)) is (- 4,4) and range of f (g(x)) is [0,4]

D Domain of f(g(x)) is [- 4,4] and range of f(g(x)) is [0,4]

F(30) = (1)
foi=

H L\_
/, :Doma..‘l/\ * E'H/qj

-y 4 J/{arjc. T q]
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Mathematics Advanced
Section II Answer Booklet

70 marks
Attempt Questions 11-27
Allow about 1 hour and 45 minutes for this section

Instructions * Answer the questions in the spaces provided. These spaces
provide guidance for the expected length of response.

* Your responses should include relevant mathematical reasoning
and/or calculations.

* Extra writing space is provided at the back of this booklet. If you
use this space, clearly indicate which question you are answering.
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Question 11 (5 marks)
If 7(x)="+2x~3

(a) Find the x and y intercepts. 2
N in')'c:rce_p‘}: when 2=0
J 2
Lfs) = O+ Axo-&
o ot R

(b) Find the axis of symmetry. 1
xX.== b
2a
] e §
2x |
........ X.==l
(¢) Find the turning point. State whether it is a maximum or a minimum. 2

Turm'ng }ooW\"‘ on. The XIS, crf sj-mm:}'?:]

U:)((—-I) = C—\)l ¥ ,;(~\)~§
= "—'3- "%
e q ane

Since o g g para}po\a S conConre
.............. ¥

—)-:1”\;"3 r’\" R a  M™Mrimgn ol C"’)“CU
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Question 12 (6 marks)

The volume V of a gas varies inversely with the pressure P it is under.

() Ifthe volume of the gas is 120 cm® when it is under a pressure of 40 kg/em?®, 2
find an equation that relates the variables V and P.

........................... V.2 L=+ K= M4%00

.............. 120 = K V= 4€o0 or yxP= Ugoo
P

...... P:—HEGO
(b) What amount of pressure is needed so that the volume of the gasis 80 cm’? 1

........... P=_ Y200
8o

............ = 4o %'/MS

(¢) Draw a graph of the relationship between V and P, using P as the 2

independent variable and V as the dependent variable, where P > (. Label
the axes.

¥

(d) Describe what would happen to the volume of the gas if the pressure 1
approaches zero.

_______ AP0, V= o

7
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Question 13 (4 marks)

A boat sails 30 kilometres from Island A to Island B on a bearing of 139°.
[t then sails 55 kilometres to Island C on a bearing of 27° from Island B.

Calculate the distance and bearing the boat must sail on to return to Island A 4 L
from Island C. ]"“‘U‘ j

x = ’-H"(CO—WZ Ls &n ’para\”c\ hines are_eTﬁB

. LPABC = 414 57 = 68"

d = \‘[301+ SS.=.2%30X S X ¢ €8

d = 51-853¢4 ~v 585

30 an mi;%g‘
..................................... ST = .2n XSin6R
55"
D 312°
Yz.180-27 /cmmlés o 1l bl s éurr“m’f‘”'}
= 083
lhe.. boeasint o A Lrom Cis 360 —/S3+32
vJ 7 =239"T
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Question 14 (2 marks)

Given that cos 8 = —g and 0 < 0 < m, find the value of tan@. 2
tan 0 = =3
S
Question 15 (2 marks)
The graph of y = f(x) is given below. Sketch the graph of y = —f(—x) 2

J,

/7

CTHS AP2 Mathematics Advanced 2019 Page 10




Question 16 (4 marks)

The elevation of a building from T due east of it is 42°; at a place Q

due south of T, the elevation of the building is 33°. The distance from T to Q
is 600 metres.

Let the-height (h) of the building be AB where (A) is the foot of the building,
Determine the height of the building to 2 decimal places

®

LS

n

Tand2'= h

AT

Alz..h

-

—

— ¥
N ——

T 33°

W a)
A

Tomit2*

AQ- AT! = ¢op”

P
’hz = 600

b . .=

TBl2® | b2

Ml ) 1=—éoo}-

[ 2> Rt2)

y;

33 ¢ lan Y2 .‘
tﬁ?"é 600 XJ‘tM233xh'?‘f")'

_‘..-,——-——-"'
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Question 17 (4 marks)

For the given discrete probability distribution

X 1 2 3 4
PX=x)| 03 0.2 0.4 0.1

(a) Find the expected value. 2

E(?'\) = S !P(’JL\

= JX0-3+2x0 2+ 3x6-Y+ Yxo-|
= 03 ¥ 0-4t12 400y
= -3

(b) Find the variance. 2

1
Vm{\(}ﬁ) = l’ko-z +2ZXO—2.+3LX0~‘{+‘11><0~\ -~@*3)

= )-p)
oY

X ) >, 2 b
(X-R) =13 03 o7 17
P('x;g D -2 0-2 0-Yy o |

3 PN ‘ 2.
VW’()‘) = (f'-i)?'xw ¥ (—-o»ajm.y@——z)xg.w 7 %0
= |-0)
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Question 18 (3 marks)

In a class of 30 students, 13 students are in the soccer club, 14 students are in the
chess club, and 8 students don’t belong to either club.

(a) Construct a Venn diagram to display this information. 2

(b) Ifastudent is chosen at random, what is the probability that the student 1
belongs to both the clubs? ’

20 ¢

Question 19 (2 marks)

John enters a biathlon which includes cross-country skiing and rifle shooting. 2
He has a 39% chance of winning the cross-country skiing and a 32% chance of
winning both races. Find the probability that he wins the rifle shooting, if he has
won the cross-country skiing race?

(The biathlon is a winter sport that combines cross-country skiing and rifle
shooting, It is treated as a race where the contestant with the shortest total time

wins.)
?&gx—sn\ =.0-29
. /
?C‘uir\ l)bU\)-'— D32

...... zlr.‘\ = Plwin botk) < 520

s __),\_‘/. ........ . o

Plusin, xoek ). © 21
© w7

= ngl oY %2.%

CTHS AP2 Mathematics Advanced 2019 Page 13

p {win fi'f’& /
( /




Question 20 (6 marks)

(a) Using the method of first principles, find f"(x) if f(x) =3x%2-5
‘H:Mh\ 3(x+k\L— -9
=3 [ Bt hh )
= 3+ Lt

of
f (%) = kim ﬁﬁn £l

h~y 77

=Lm [37-+€1J\+3\\ 5)- (3x=5)

S
cE B Gahban o N K (6xt3R)
h= o h h90 /K
= b

(b) Hence, find the equation of the line that is tangent to f(x) at x = 2.
when.... 222

fla)=2(5
=7
f(x).=.6x

7('(;)__12.

‘-1-7 — ’l()(.-l)
7 y = ,23‘-"”7
J
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Question 21 (6 marks)

Differentiate the following expressions with respect to x.
(a) 2x2+5

(b) (3x2 —5x)°

____________ 4 {2a’s SE

() (3x —4)(4x + 5)
_5_:(31-\4)(‘& +§)
é{gk~g>+iwﬁs)x3

12n=IC + )3+ IX
QY. =]

CTHS AP2 Mathematics Advanced 2019 Page 15




Question 22 (4 marks)

_ 2x+4 dy x
Ify_x/x_+_1' Showthata—- —
7" - Q)ﬂ."l“q V= ‘}._.7\'\"
W= 2 w = |
il ot |
I ; :
Y. =.Vu-uy
Y vZ
:.oz\):*—\ _— (lx—%‘-l) ------
............................ AN
()
- ;{[7&2) .......
2L ]
T __-\l 2 Mgssnssane
= & {nr ) sas C1L+2 &(1+}),@+2)

___________ (A JF] JoeS
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Question 23 (3 marks)

Velocity, V" metres per second, of a particle at time t seconds is given by

3
V=%——8t2+12t+8

Show that the acceleration is never less than 4 metres per second per second.

3:3; 8t 4 12t +3

RN e o l
........... o E}Z 6+ + IR

a < EE=ICEFIA

............ A xis rF 5y MML'}J__ft;,m—b ---= — (=1€)

...V"'r%“—)(. —> (1,4)  Siace Mini oM

‘b-pﬁ,;::g: . \ Va‘ue. O:r

@_5_’:1 .

Question 24 (2 marks)

Differentiate y = —2e73% 4 5x3

-~ 1
...... Ay z.m2 e x (=) T 15X
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Question 25 (3 marks)

The amount A of money in a bank account after n years grows with compound 3
interest according to the formula A = 820(1.035)™.
Find how many years it will take for the amount in the bank to be $2000?

A= 320/1-025)
N =
...................... N
20006 = g20 (1-035)
12035\ = 2000
% 20

Question 26 (4 marks)

The pH value of a solution is given by the formula pH = —log,,[H*],
where [H*] is the concentration of hydrogen ions in moles per litre.

(a) Find the pH value of a solution in a chemistry lab whose label indicates 1
its concentration of hydrogen ions is 2.5 X 10~* moles per litre.
Give your answer to one decimal place. v

(b) Find the concentration of hydrogen ions in moles per litre for vinegar if a 3
test strip indicates it has a pH of 2.4.
Give your answer as @ X 10” to two significant figures.
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Question 27 (5 marks)
(a) The graph of f(x) = 2* + 1 is given below. 3
On the same set of axis sketch the graph of g(x) = log,(x — 1) showing
key features.
€y Ieatures \3 ﬁ\

ks ; ;("*"")

- |

-

=
..m...<.

) A“‘:'.\Jm‘”%')-&' *

(b) Hence, state the domain and range of g (x). 2

Do wmarn = (',w)
Rorae = ww‘:m\
J - /

End of examination
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