Girraween High School

2022 Year 12 Mathematics Advanced

General Instructions Reading Time - 10 minutes

Working Time - 3 hours

Write using black pen only

All questions are compulsory

Calculators approved by NESA may be used

Mathematics reference sheets are provided

e Marks may be deducted for careless or badly arranged work

Total Marks: Section I - 10 marks (pages 1-3)

100
e Attempt questions 1-10, color the bubble next to

the letter corresponding to the correct response on

your paper

e Allow about 15 minutes for this section
Section II - 90 marks (pages 5-20)

e Attempt questions 11-34

e Allow about 2 hours and 45 minutes for this section
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Sample: 244 iA) 2 (B 6 {8 m 9y
AT B @ CO DR
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2w 2a3wer,
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Question 1 (1 mark)

The midpoint of the line joining (0, —5) to (d,0) is
d—>5

5—d d -5 5+d
G e (5 e (B3) b (4
Question 2 (1 mark)

Let f(z) and g(z) be functions such that f(2) = 5, f(3) = 4, g(2)
g(4) = 1. The value of f(g(3)) is:

Al B. 2 C. 4 D. 5
Question 3 (1 mark)

The plane flies on a bearing of 150° from A to B.

A P50 NOT TO
v SCALE

X

®p

What is the bearing of A from B?
A, 30°

B. 150° C. 210° D. 330°
Question 4 (1 mark)
A discrete random variable X has a probability distribution as shown
X 0 i 2 3
PriX=x) 04 (1.2 0.3 0.1
The median of X is:
A0 B. 1 C. 1.1 D. 2



Question 5 (1 mark)
The graph of the curve y = (z + a)? + b is shown below:

-3

What are the values of a and b?

Ala=2,b=1 B.a=-2,b=-1 C.a=-2,b=1 D.a=2b=~-1

Question 6 (1 mark)

Let a = e® which expression is equal to log.(a?)?

A, ez B. & C. 2z D. z2

Question 7 (1 mark)
The graph of y = f(x) is shown below:

Which of these expressions is the equation of the new graph?

A f(z)-1 B. f(-=z) C. f(z)+2 D. —f(z)



Question 8 (I mark)
The graph shows the function p(z).

pLx)

7/
2 VS 0
\.M_//
6 10 10
If/ p(z)dz = —10 and / p(z)dz = 1. What is the value of/ P(z)dz?
-2 -2 6
A1l B. 9 C. 10
Question 9 (1 mark)
1
Which inequality defines the domain of the function f(z) = =
x
A z>-3 B.z> -3 C.z< -3 D.z< -3

Question 10 (1 mark)
The graph of y = f(z) is shown:

Which of the following inequalities is correct?
A f'"y<o< (1)< f(1
B. /(1) <0< f(1) < f'(1
C.o<f"1)<f ()< f@

)
)
f (1)
) <@

D.0< f"(1) <



Mathematics Advanced
Section IT Answer Booklet

90 Marks
Attempt Questions 11-34

Allow about 2 hours and 45 minutes for this section

Instructions e Answer the questions in the spaces provided.

e Your responses should include relevant mathematics reasoning

and/ or calculations

Please turn over



Question 11 (3 marks)
Solve 3%*~! = 5%, giving your answer to 2 d.p.

Question 12 (3 marks)
(a) Differentiate 3 + sin2z.

(b) Hence, or otherwise, find / —dx
3+ sin2z



Question 13 (5 marks)

(a) A silver pendant is made in the form of a sector of a circle as shown above. If the

radius is 3 cm, what is the angle 6, in radians so that the area is 6 cm??

(b) Another pendant has the same total perimeter, but with radius 2.5 cm. What is

the required angle 8, in radians?

Question 14 (2 marks)
6
Given that / (z + k)dz = 30, and k is a constant, find the value of k.
0



Question 15 (7 marks)

Consider the function f(z) = 23 — 322

(a) Find the coordinates of the stationary points of the curve y = f(z) and determine 13]
their nature.

(b} Sketch the curve showing where it meets the axes. Label all its important features. 2]

You do not need to find points of inflexion.




(c) Find the values of z for which the curve y = f(x) is concave up.

Question 16 (2 marks)

3

€5
Evaluate / —dz
e T

Question 17 (2 marks)
Differentiate y = z?log.z




Question 18 (4 marks)
Class 7C has 18 boys and 12 girls in it and 7K is made up of 12 boys and 16 girls. If
vou pick one of their class and a pupil from it at random, what is the probability that
you select
(a) a girl?



Question 19 (5 marks)

A set of bivariate data is collected by measuring the height and arm span of seven

children. The graph shows a scatterplot of these measurements.

Heighg (cny)
=
o

134 136 138 140 142 144 146 148
Arm span {cn

(a) Complete the table below.

Arm
Span
(s
Height
{cm)

(b) Calculate Pearson’s correlation coefficient for the data, correct to two decimal

places.

(c) Identify the direction and the strength of the linear association between height and

arm span.

(d) The equation of the least-squares regression line is shown.
Height=0.866 x (arm span)+23.7 A child has an arm span of 143 cm.
Calculate the predicted height for this child using the equation of the least-squares

regression line.



Question 20 (2 marks)

1 — sin%zcos?z

Prove that —————— = cot’z + sin’z
sin?x

Question 21 (3 marks)
At a certain location a river is 12 metres wide. At this location the depth of the river,

in metres, has been measured at 3 metre intervals. The cross-section is shown below.

e o 3 3 3 3 /,»*’ o
7 f é 21
. 2.3 129 z
Ry ‘ 3‘8 p
— “Mmﬂ,%.“ : y /f/
S L
e L
e

Use the Trapeziodal rule with the five depth measurements to calculate the approximate
area of the cross-section.
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Question 22 (7 marks)

The velocity of a particle moving along the z—axis is given by:
i =8-—8e%

where ¢ is the time in seconds and z is the displacement in metres.
(a) Show that the particle is initially at rest.

(d) Ast — oo, the velocity of the particle approaches a constant. Find the value of

the constant.

(e) Sketch the graph of the particle’s velocity as a function of time.

12



Question 23 (4 marks)
The circle 22 + 62 + y* + 2y = —6 is reflected in the y-axis.Sketch the reflected circle,

showing the coordinates of the centre and the radius.

Question 24 (2 marks)
A town planning committee notes that the rate of growth of the town’s population since

d
1985 has followed the formula: Eg = (1500 + 200t) people per year

where 1 is the number of years since 1st January 1985. On 1st January 1992 the popu-

lation was 25 000. Find the formula for the city’s population from 1985 onwards.

13




Question 25 (4 marks)
Solve 10sin? z — 4sin z = 5 for 0° < 2 < 360°.

Question 26 (4 marks)

(a) Differentiate log.(cos x} with respect to x.

14




Question 27 (6 marks)
A square sheet of metal is 16cm on each side. Squares of side  cm are cut from each

corner. The sheet is then bent along the dotted lines to form: an open box.

———1locm———

16 —2x

R
# &
X x
x . Y
i
; : lécm
i
x b ox
- - ¥
(a) Show that the volume of the box V, expressed as a function of z is given by: [2]
V(z) = 4a(z — 8)2
(b) Hence find the maximum volume of the box, and the value of 2 at which it occurs 4]
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Question 28 (3 marks)

}-:
Y
e
//
£
i
{
i
—21
“3
L
S 7
\\ /
“ r
N“‘uK \"{v;/‘/
m‘\wn:«« percrts m»*'w
)
&

The shaded region in the diagram is bounded by the circle of radius 2 centred at the
origin, the parabola y = 22 — 3z + 2, and the x-axis.

By considering the difference of two areas, find the area of the shaded region.

16



Question 29 (6 marks)
In a game a six-sided dice is rolled twice.

The difference between the two results is recorded.

(a) The following table is produced. Some of the results are missing. Complete the

table.
Second roll

1234|516
1,0 17213 3

=2/ 1 ]0]1]2]3
E 302 |1 2|3

£4 2 |1 1
=lsl 4 |3]2]110l1
6| 51 4|3 0

(b) A probability distribution table is drawn to summarise the results. Complete the

table ‘
| b 1%

(c¢) Find the expected value, E(X), and the standard deviation o.

17



Question 30 (3 marks)
The sum of the series 1+ 8 4+ 15 + ... is 396. How many terms does the series contain?

Question 31 (2 marks)
A circular clock face, centre O, has a minute hand OA and an hour hand OB.

OA=10¢m, OB = T7cm.
Calculate the length of AB when the hands show 5 o’clock.

Give your answer correct to 1 decimal place.

Diagram NOT
‘?7”““"‘*\?\ accurstely dmvn
TN,
zf 0em \\
jf
/ " A
/ ™ %
= e, i -1
\ N /
‘L 7eom \ - '[{
-
\ >



Question 32 (1 mark)

Evaluate In 3 correct to three significant figures.

Question 33 (4 marks)
By considering the equation of the tangent to y = 2* — 1 at the point (a,a® ~ 1), find

the equations of the two tangents to y = z% — 1 which pass through (3, — 8).

19



Question 34 (6 marks)

Under certain climatic conditions the number N of blue-green algae satisfies the equation
N(t) — A60.15t

where t is measured in days and A is a constant.

(a) Show that the number of algae increases at a rate proportional to the number. 2]
(b) When ¢ = 3 the number of algac was estimated to be 1.7 x 108, Evaluate A. 2]
(c) The number of algae doubles every z days. Find the value of z. 2]

End of exam
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Mathemelics Advanced

Question 1 (1 mark)
The midpoint of the line joining (0, —5) to (d,0) is

() e(E) Qe (59

Question 2 (1 mark)
Let f(z) and g(z) be functions such that f(2) = 5, f(3) =4, g(2) = 5, g(3) = 2 and
g(4) = 1. The value of f(g(3)) is:

Al B. 2 C. 4 @5

Question 3 (1 mark)
The plane flies on a bearing of 150° from A to B.

N
i SCALE
N
N
\\\
\.B

What is the bearing of A from B?

A, 30° B. 150° C. 210° 330°

Question 4 (1 mark)

A discrete random variable X has a probability distribution as shown:

Priy = x} 4.4 0.3 0.3 01

The median of X is:

A0 1 A C. 11 D. 2



Question 5 (1 mark)
The graph of the curve y = (z + a)? + b is shown below:

What are the values of a and b7

Ala=2b=1 B.a=-2b=-1 C.a=-2,b=1 a=2,b:—1

Question 6 (1 mark)

Let a = e® which expression is equal to log.(a?)?

A, = B. & @ 2z D. z2

Question 7 (1 mark)

The graph of y = f(z) is shown below:

Y= fix)
»'4 e ¥
Which of these expressions is the equation of the new graph?
A flz)—1 @ F(~2) C. f(z)+2 D. —f(z)



Question 8 (1 mark)
The graph shows the function p(z).

Pl

\
2\\/5 10 x

6 10 10
If/ p(z)dz = —10 and / p(z)dz = 1. What is the value of P(z)dz?
_J-2 -2 6
11 B. 9 C. 10 D. 1
Question 9 (1 mark)
1
Which inequality defines the domain of the function f(z) =
, quality o f(e) = ===
x>—3 B. z> -3 C.z< -3 D.z<-3
Question 10 (1 mark)
The graph of y = f(z) is shown: .
}3’
J—
x“ﬂ“ﬂ
si"/
v
/
/ ;
, ] o
o 1 x

Which of the following inequalities is correct?
&) () <0< (1) < F)
B. f(1) <0< f(1) < f/(1)
C.o<f'(y< f(1)<f)
D. 0 < f"(1) < f(1) < f(1)



Question 11 (3 marks)

Solve 3%*~1 = 5% giving your answer to 2 d.p.

Question 12 (3 marks)

(a) Differentiate 3 + sin2z.
......... YSBESID2A

(b) Hence, or otherwise, find /

3+ sin2zx ¢
........ \/Cﬁi)—-% rx_,
U A B Gy A
;L\J&Ml%d% .................................................
2J 248in2n

_ Vs 134 Sinan] HC i’}w\”’ Pa’d—a
R



Question 13 (5 marks)

(a) A silver pendant is made in the form of a sector of a circle as shown above. If the

radius is 3 ¢m, what is the angle 6, in radians so that the area is 6 cm??

(b) Another pendant has the same total perimeter, but with radius 2.5 cm. What is
the required angle 8, in radians?

.iﬁhn“4xﬁmchxm;;&ﬁ3f(§xaif .....................
- [ X o
T o B T

Question 14 (2 marks)

6
Given that / (z + k)dz = 30, and k is a constant, find the value of k.
0 ‘

...... A WU 12 1 1= S

laveyac e ck= Bole T

Ll b bR=02

....... LK\ = 30 8=

....... D
§+6K>’ %%0):$0




Question 15 (7 marks)

Consider the function f(z) = 2® — 322

(a) Find the coordinates of the stationary points of the curve y = f(z) and determine (3]

their nature.

(b) Sketch the curve showing where it meets the axes. Label all its important features. 12]

You do not need to find points of inflexion.

.«ff%):’lv?)wa’xa’ h’)@&‘z H’)é ‘é
A —anrh urhen .f}{fa): 0
13,?)1&:' 0 A
x> (-3) =0

a=0K 3 Iy 2 /3

o




{(¢) Find the values of x for which the curve y = f(z) is concave up.

LAY 7R
....... EXTE 70 ) Contane up
......... o7l o lwhen Axlo .
e, Lo USROS POURPRPPONY
Question 16 (2 marks)
Evaluate / ’ —dz 3
3 7€ e 3
N < SO
5 dn = 57 |La%x = 5 ) na
......... O T s T LT
..... - T PP SITIRI S e
:5"&6‘10@:] ......
e s e =
............................................... :,5{34
................................................. "})D e
Question 17 (2 marks)
Differentiate y = z%logez
j:’lg'bgﬁ ................................................................
Mtin P‘mcwdf’m)a ...........................................
.. H.}z \, ).;m Y AUUR USRS TSRO
- A
LW R O B S
A R e DSOS
...3.‘. = 29 o




Question 18 (4 marks)

Class 7C has 18 boys and 12 girls in it and 7K is made up of 12 boys and 16 girls. If
you pick one of their class and a pupil from it at random, what is the probability that

you select

........ ?(%”3’:5'9

.................... S

........................ 5 T

ST B
35

.............................. Pfﬁiﬂ)w
)

5




Question 19 (5 marks)
A set of bivariate data is collected by measuring the height and arm span of seven

children. The graph shows a scatterplot of these measurements.

Height (cm)
e
f+43

334 136 138 M0 142 184 146 4R
Arm span {cm)

(a) Complete the table below.

j‘% 120 | v2¢ | Ino |l ey |l |14
mes | oo | Ut g (V9 |50 |15

(b) Calculate Pearson’s correlation coefficient for the data, correct to two decimal

(c) Identify the direction and the strength of the linear association between height and

arm span.

...P.oéit%ﬁ %e.,...gifmﬁ .................................................

(d) The equation of the least-squares regression line is shown.
Height=0.866 x (arm span)+23.7 A child has an arm span of 143 cm.
Calculate the predicted height for this child using the equation of the least-squares

regression line. ,



Question 20 (2 marks)

1 — sinzcos?z

Prove that — = cot®z + sin’z
sinéx

Question 21 (3 marks)
At a certain location a river is 12 metres wide. At this location the depth of the river,

in metres, has been measured at 3 metre intervals. The cross-section is shown below.

Use the Trapeziodal rule with the five depth measurements to calculate the approximate

area of the cross-section.

....... A= 2015 42(2:212:913:8) +23]

11




Question 22 (7 marks)- ,
The velocity of a particle moving along the z—axis is given by:
& =8—8e 2

where ¢ is the time in seconds and 2 is the displacement in metres.

(a) Show that the particle is initially at rest.

....... ?L:@*@el g
..... qubtza
...... ‘iﬁ%"gel(a)
...... %:8"

(d) Ast — oo, the velocity of the particle approaches a constant. Find the value of
the constant.

SR
. -2k

12




Question 23 (4 marks)
The circle 22 + 6z + y? + 2y = —6 is reflected in the y-axis.Sketch the reflected circle,
showing the coordinates of the centre and the radius.
ARG EYTARY S -6
A a3y Ry = eI
(3 ) X A Yl S A

Oxiginal Reglecled in f-adu
U i 4 : 2
o i
Py o 3\
I - T o '

Question 24 (2 marks)
A town planning committee notes that the rate of growth of the town’s population since
1985 has followed the formula: -CC% = (1500 + 200t) people per year
where t is the number of years since 1st January 1985. On 1st January 1992 the popu-
lation was 25 000. Find the formula for the city’s population from 1985 onwards. '

when t=7,. pzasern, . Putting. this miﬁ;"rmcvh n

re ,

Aot dbe Formauda Grved Ll

13



Question 25 (4'marks)
Solve 10sin? z — 4sinx = 5 for 0° < = < 360°.

T -

Llog in??i-. S T O

Question 26 (4 marks)

(a) Differentiate loge(cos x) with respect to z.

14




Question 27 (6 marks)
A square sheet of metal is 16cm on each side. Squares of side  cm are cut from each

corner. The sheet is then bent along the dotted lines to form an open box.

A
i
&
=]

&
X X
X X
H ] ~
! i 16cm
1
! 1 .
x X
X %
¥

(a) Show that the volume of the box V, expressed as a function of z is given by:
V(z) = 4z(x — 8)?
lenghs b2 breadth = \b-2a "YWJ%“:' bt

g. .............. i‘_.)’.‘ ............................ ] AR I T

NEOER (g )

éMyﬂl)%D .................................... ﬁjhgﬁm&mWﬁ Vedurne

W% -8Y31-€)=p ohen A= L ad
“l?g;uﬂaﬁi ........................................ gy &
3 £ _ -
e T V() mans
ViD= Rka-l2g eSS
............................................................................ 1.
When A= & = 2307271 ¢
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Question 28 (3 marks)

The shaded region in the diagram is bounded by the circle of radius 2 centred at the
origin, the parabola y = 2? — 3z + 2, and the x-axis.

By considering the difference of two areas, find the area of the shaded region.

Shoded . otea. = obea an. the Quotlic cirde et




Question 29 (6 marks)
In a game a six-sided dice is rolled twice.

The difference between the two results is recorded.

(a) The following table is produced. Some of the results are missing. Complete the

table.
Second roll

1123 |4|5]|6
1012345

=2 1 0|1 |23 |4

§ 3] 21 |1 1213

Eld4] > 21110112

=5l 43| 21]l0]1

6| 5|4 3]2{V1]o0

(b) A probability distribution table is drawn to summarise the results. Complete the

table )
x o7 T2 T3 74775
. i 5 B -
PX =y J,,L_i;z 2 L L 1
(\)\éélgé%} £ 9 B

0% I S i A B S PR
............ g s
............ *'gf

[2]

................. v/
Z!)Hf(z;‘ i )



Question 30 (3 marks)

The sum of the series 1 + 8 + 15 + ... is 396. How many terms does the series contain?

Thit. e an.. GAithm.elie.. Gegpentt woith et Tum 1
, q -

e=rvon=l

Sinte. =12 e not aninteger
7

.,L.‘T%e,..numééﬁ.?....&f{;...{@mé ate 1

Question 31 (2 marks)
A circular clock face, centre O, has a minute hand OA and an hour hand OB.
OA=10cm, OB =T7cm.
Calculate the length of AB when the hands show 5 o’clock.

Give your answer correct to 1 decimal place.

Diagram NOT
accurately deavwn

o m e T e A R TR RS IED,




Question 32 (1 mark)

Evaluate In 3 correct to three s ?mﬁcant figures.

......... lnw/lfﬁg’ﬁj)

Question 33 (4 marks)
By considering the equation of the tangent to y = z? — 1 at the point (a,a® — 1), find
the equations of the two tangents to y = z® — 1 which pass through (3, — 8).

..... e NS
YR
B+ B
EQuaken of e line. .
Ca.,.a”.?::é%%?%f%?ﬁf%?%%fff:ff.ff:f:fff:ffff

@ 7 )(a+!) 0

-y a="7T1°0Y a=-|

< £Quahent ef W ake-

y= e -570
-2
7=
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Question 34 (6 marks)

Under certain climatic conditions the number N of blue-green algae satisfies the equation
N(t) — AeO.lSt

where ¢ is measured in days and A is a constant.

(b) When ¢ = 3 the number of algae was estimated to be 1.7 x 108. Evaluate A. - 2]
L1 A% 0:15(3)
LA L ADT = Al

DS
.................................... SRR R R L PR P PERRPERRPRRRS
e DREBAX IR
...‘....“....;....).'.I.XJa.?...C.%..gﬁ.:%.g) ............................
(c) The number of algae doubles every « days, Find the value of z. 2]
Ol C
Now. Nl =847 L
BN Az oo
........................................................... Ola. ...
AN = RA L
\Ae/ ‘35'}_”2’4 ........................... “4iég"€§q ..........
et e R e
....... o= nae

End of exam
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