Student Number:

Fort Street
ngh School Teacher:

Class:

2 02 2 TRIAL HIGHER SCHOOL CERTIFICATE EXAMINATION

Mathematics Advanced

General e Reading time — 10 minutes
Instructions e Working time — 3 hours
e Write using black pen
e Approved calculators may be used
e A reference sheet is provided

e In Questions in Section II, show relevant mathematical reasoning and/or
calculations

Total marks : Section I — 10 marks (pages 5—11)
100
e Attempt Questions 1 — 10

e Allow about 15 minutes for this section

Section II — 90 marks (pages 12 — 38)

e Allow about 2 hours and 45 minutes for this section
e This section is divided in to 6 parts
e  Write your student number on each part.

e Attempt Questions 11 — 31



Section 1

10 marks
Attempt Questions 1-10

Allow about 15 minutes for this section
Use the multiple-choice answer sheet for Questions 1 — 10

1. What are the values of ¥ for which f(x)=+vx>=3x is defined?
A. 0<x<3
B. x2>3
C. x<0or x>3
D. all real x
2. In which one of the following ways can the shaded area in the diagram be calculated?

J(x)

B. jf(x)a’x + if(x)dx
C. 2j.f(x)dx

D. j.f(x)dx - j.f(x)dx



The graph of y = f(x) is shown below.

N

Which of the graphs below represents y = f(x + 3) + 4 ?

(4, —4)

)

(2,4

w2

(4, 4)

(=2.4)




What is the perimeter P, of the sector given below with angle 36° and radius 20 centimetres?

20 cm

A, (40+4x) cm

B. [0.5x400><%j cm

C. (40+436°) cm

D. O.Sx400x(%—sin%) cm



5.

The graph of a function y = f'(x) is shown below.

&
2 T i 2
1
Which graph would represent y = f '(x)?
A. v B, v
iT 1+
27T 24
|. B | +
_:] 1 : l:"-i-'\' L L I.r\:\...l'.
- -.'F T 3 a2 A | 2
1t
[1) .
[ \
| _2 i i
I 2T
| I| / IIII',II
LY | f 1
roO37 &
C. D.
y
baTd 3
\ |
I| 27T || 2+
| | -
| i
l i
| “II' 1+
. v i /_\ AN —
3 -2 -l 1 2 3 -3 -2 f—l L2
-1+ I,-“ 1T
=T .' \
I| - 1
-3 T ¥ = Y

Iad .I-I;r
e



The population N ,of a colony of ants grows exponentially according to the formula

N (f ) = 550¢" , where k is the growth constant and ¢is time in days.

If N(In4)=13750, what is the exact value of £ ?

A 25
In4

B. In25
In4

c. Ind
25

D. In (éj
4

The displacement, x metres, from the origin of a particle moving in a straight line at any time,
seconds, is shown in the graph below

When was the particle at rest?
A t=0

B. t=2and t=4

C. t=1and t=4

D. t=1, t=2and r=4



8.

What is i(z—smej ?

A.

B.

C.

D.

cos @

2sinfd—1
cos’ @

1-2sin@

cos’ @

—cos’@—2sin@+sin’ 0

cos’ @

2cosf@+2sinfd—1
cos’ @

-10 -



9.

10.

The box and whisker plots given below show the results of a history and a geography test.

History H

Geography

0 10 20 30 40
Marks

In History, 112 students completed the test. The number of students who scored above 30 marks
was the same for the History test and the Geography test.

How many students completed the Geography test?

A. 8
B. 50
C. 56
D. 112

There are 10 green marbles and W white marbles in a bag. The probability of selecting a white

marble is g . How many more white marbles need to be added to the bag so that the probability

of selecting a white marble from the bag is %?

14

o a w »
o¢]

21

-11 -



Section 11
Part A Student Number:

Question 11 (2 marks)

3 x* +2x
X 2
x+2 6x-3

Simplify fully:

Question 12 (2 marks)

In the following diagram, use the Cosine Rule to find the value of x, correct to two decimal places 2

NOT TO SCALE




Question 13 (2 marks)

If f(x)=(x—5)" and g(x)=+/x -5 find g(f(x))

Question 14 (3 marks)
The first term of an arithmetic series i1s 4. The fifth term is four times the third term. Find the sum

of the first 10 terms.

-13 -



Question 15 (3 marks)

Solve log,(2x+1)—log,3=3

-14 -



PART B

Student Number:

Question 16 (5 marks)

(a)  Show that (cosec’d—1)sin’> @ =cos’ 8

(b)  Hence, or otherwise solve (cosec’d—1)sin* & :% for -r<x<rx

-15 -



Question 17 (3marks)

1-x> for xsl}

x=2 for x>1

(@  Let f(x)= {

Sketch the function for —2<x<4

(b)  What happens to the graph x=17?

-16 -



Question 18 (4 marks)

(a) Evaluate |sec’x dx giving the answer in exact form with rational denominator.

AN |y

-17 -



Question 19 (6 marks)

A function is given by f(x) = 3+4x’ —x*.

(a) Find the stationary points and determine their nature.



Question 19 (continues)

(b) Show that there is a point of inflexion at (2,19) on the curve.

() Hence, Sketch the graph of the curve and clearly label the stationary points and the points of
inflexion on the curve. DO NOT determine the x intercepts of the curve

-19 -



PART C Student Number

Question 20 (5 marks)

@  Showthat 1t - 142¢

X

l1-e l-e

(b) Hence, find J i+ex dx
—e



Question 21 (3 marks)

A normal to the graph of y = 2/x has the equation y =-3x+5b . Find the value of b.

221 -



Question 22 (4 marks)

The probability of Sirhind soccer team winning their next game is dependent on

whether or not they win the previous game.

If they won the previous game, the probability of winning their next game is 0.8

If they did not win their previous game, then the probability of winning the next game is 0.4

They won on Monday and then they played on Tuesday and Wednesday.

(a) Represent the above information using the tree diagram given below

Monday Tuesday Wednesday

WI

(b)  Find the probability that the Sirhind soccer team do not win on Wednesday.



Question 23 (3 marks)
For the probability distribution below, find the values of m and n given that

the expected value of the distribution is 4.8

-23-



PART D Student Number

Question 24 (5 marks)

If f(x)=log, (x+x)

2Jx +1

(a)  Show that f'(x)=2 (Voe1]
X X

-4 -



Question 24 (continued)

2/x +1
2x(J§+1)

()  Hence, when x=2, Show that f (x)= can be written in the form a+ b2

-05-



Question 25 (9 marks)
Consider the function defined by f(x)=e*(1—x) where —-3<x<1

(a) Complete the following table

X -3 -2 -1 0 1

f(x) | 001 0.05

(b)  Using the trapezoidal rule with five function values, approximate the area under the curve
f(x) for -3<x<1.

-26 -



Question 25 (continued)
(¢ Differentiate f(x)=e’*(1-x) and show that the function has only one

stationary point.

-27 -



Question 25 (continued)

(d)  Without further calculus, use the table of values from part (a) to sketch

f(x)=e>(1-x) for -3 <x<1, and show the stationary point on the curve.

(e) From the diagram, decide whether the approximation underestimates or overestimates the true
value of the area under the curve. Give a brief reason.

-08 -



Question 26 (3 marks)

o . 1
Calculate the exact area of the shaded region in the diagram below enclosed by the curves y = x>,y =—
X

and the line xX= %

-20 -



PART E Student Number

Question 27 (3 marks )

Consider the function f(x)= l — 1
2 2'+1
1 2% —1

(a) Show that 1 =
2 2"+1 22" +))

(b)  Hence determine whether f'(x)is even, odd or neither. Show all working.



Question 28 (6 marks)
The velocity v of a particle initially at the origin is given by v(¢) =sin [%tj, in metres per second.

(a) Find the displacement function x(¢)

(b)  Find the acceleration function a(¢)

(c) Find the value of x when ¢ =4r

-31 -



Question 28 (continued)

(d) Sketch the displacement-time graph on the domain 0<¢<16x

and briefly describe the motion.

-32 -



Question 29 (7 marks)

The rate of fuel burn, ¢ minutes after the engine starts operation, R kg per minute, is given by the relation

10
1+ 2¢

R=10+

(a) Draw a sketch of R as a functionof ¢t , >0

(b) What is the rate of burn, R, after 7 minutes? 1

-33-



Question 29 (continued)

(c) What value does R approaches as ¢ becomes very large?

(d) Calculate the total amount of the fuel burnt in the first 7 minutes.

-34 -



PART F Student Number

Question 30 (5 marks)

Carol, Mary and Manar arrive at the top of a cliff at 9:00 am on a particular Saturday morning.
They are planning to explore the lower cave in the cliff.

Top of chiff

cave ledge
upper cave
'\
10| metres
lower cave
0\ metres
S metres seawater
v Y seabed

The height, /& metres of the seawater is given by the function A(¢) = 7—4sin (gt] , where ¢ is the

number of hours after 9:00 am, on Saturday morning.

(a) What is the height of the water when the girls first arrive at the top of the cliff?

(b) The girls notice that the height of the water is falling and they wait for the water to fall
so that they can explore the lower cave. When the water is 4 metres and falling, they enter

the lower cave. What time do the girls enter the lower cave?



Question 30 (continued)

(c) The girls plan to leave the lower cave when the water level is again at 4 metres and rising.

Calculate how long will they have to explore the lower cave to the nearest minute?

-36 -



Question 31 (7 marks)

A wire of length 5 metres is to be bent to form the hypotenuse and base of a right angled

triangle ABC with right angle at B . Let the length of the base BC be x metres.

(a) Write an expression for the length of the hypotenuse AC in terms of x .

(b) Show that the area of the triangle ABC'is %x\/25 —10x square meters.

-37 -



Question 31 (continued)

(d)  Find the maximum possible area of the triangle ABC .

End of Paper

-38 -



Student Number:

Fort Street
High School Teacher:

QLoludno e g Class:

e B

2 0 2 2 TRIAL HIGHER SCHOOL CERTIFICATE EXAMINATION

Mathematics Advanced

General e Reading time — 10 minutes
Instructions e Working time — 3 hours
e Write using black pen
e Approved calculators may be used
e A reference shee:c is provided

o In Questions in Section II, show relevant mathematical reasoning and/or
calculations

Total marks : Section I — 10 marks (pages 5 —11)
100
e Attempt Questions 1 — 10

e Allow about 15 minutes for this section

Section IT — 90 marks (pages 12 —38)

e Allow about 2 hours and 45 minutes for this section
e This section is divided in to 6 parts
e Write your student number on each part.

e Attempt Questions 11 —31




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. What are the values of x for which f(x)=+/x>~3x is defined?

'ﬁw%ﬁ&. = ©

A. 0<x<3 w Cave ) = o
B. x23
. = =2 o o L = 3
@ x<0or x2=3
D. all real x
2. In which one of the following ways can the shaded area in the diagram be calculated?

A0

B.  [f(x)dx+ [ f(x)dx

C. ij(x)dx

1 6

@) [red-[fdx



3.

The graph of y = f(x) is shown below.

J)
A

\4

Which of the graphs below represents y = f(x + 3) + 4 ?

A.
“\ /'
-< 6 X
(4, -4)
C.
®
4
-2,-4)

4. 4)

2.4




4. Whatis the perimetér P, of the sector given below with angle 36° and radius 20 centimetres?

(A (40+47) cm
B. (o.smow%} cm
C.  (40+36) cm

D. 0.5x400x(—7€—sin—7zj cm
5 5

%%zw?%mm@ﬁa&ﬁ = ;e % fe W

= Lo e U W



5.

The graph of a function y = f(x) is shown below.
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The population N ,of a colony of ants grows exponentially according to the formula
N(t)=550e" , where kis the growth constant and ¢is time in days. '

If N(In4)=13750, what is the exact value of £ ?

A2
In4
: In25
(B) =222
In4
C. n4
25
D ln(zé
4
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The displacement, x metres, from the origin of a particle moving in a straight line at any time, ¢

seconds, is shown in the graph below

When was the particle at rest?

A t=0

(®

C. t=1and t=4

t=2and t=4

D. t=1, t=2and t=4

do\ cos@

What is _g_(z_-smej ? =

@“\ 2sin6 —1

cos’ 8
B. 1—2821n6’
cos” @
~cos’ 0 —2sin 8 +sin* 6
C. >
cos” @
D 2cos@+2sinf -1

cos’ @

o
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10

The box and whisker plots given below show the results of a history and a geography test.

History

Marks

In History, 112 students completed the test. The number of students who scored above 30 marks
was the same for the History test and the Geography test.

How many students completed the Geography test? — ee ‘wl@vn ey 4oxwa Shudew
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There are 10 green marbles and W white marbles in a bag. The probability of selecting a white
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. Section IT
Part A VR a5

Student Number:

Question 11 (2 marks)

3 o Xt +2x
x+2 6x—3

Simplify fully:

.............................................................................................................

...............................................................................................................

Question 12 (2 marks)

In the following diagram, use the Cosine Rule to find the value of x, correct to two decimal places

NOT TO SCALE

...............................................................................................................
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Question 13 (2 marks)

If £(x)=(x—5)" and g(x)=+x 5 ,find g(f(x))

...................................................................................................................

..............................................................................................

.........

........................................................................................................................

......................................

D R i T N R I T I S A I R R IR S AP AP

Question 14 (3 marks)

. The first term of an arithmetic series is 4. The fifth term is four times the third term. Find the sum

of the first 10 terms.

Gl = = =
= L =
...............................................................................................................
- Qe ad )
=
..................................................................................................................
S e A = W oy Mt %&
...................................................................................................................
B O = e A
=
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5’;“@ = = &
! iy
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iy s
=
....................................................................................................................
o LS : od CA éx
= L \
................ \\. R R R R R R LR TR PP PP
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...............................................

.........................................
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_ Question 15 (3 marks)

Solve log,(2x+1)—log,3=3

..........................................................................................................
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@
3
.................................... Q”&%*mggx
3
A
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......................................................................... S RCIT IR
S1UE o A e -t
S NS e -\
2
g . ”’g‘ f m&g — 4 /’
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..........................................................................................................
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..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................

..........................................................................................................
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B

" PARTB

Student Number:
Question 16 (5 marks)
@) Show that (cosec’d —1)sin* 6 = cos? 0 2
) . R
LAt T S AU WU SR U o TR
Dt ®
................ ’né/ﬁi‘..w vﬁ&\)f‘wg%/
- %\\.%ﬁi‘% 2/
-~ R e
s A mg}*yﬁ. ........ e T

..........................................................................................................

. . 3
(b) Hence, or otherwise solve (cosec’d —1)sin’® @ = " for -z<x<7 3
%&% .......... e,
‘g:%
E?Qf;} = e "f}
e 2B E LD AT SO W e
&3
TN =7 3 - o N O, Con®. = mg:é
& =k
@A T e S & 5. 238 .ac DN
= @ 4 < Q
..................................................... Ve
L=
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Question 17 (3marks)

1-x* for x<1

x=2 for x>1

Let f(x)=

(a) Sketch the function for -2<x <4 2

=]

-16-



" Question 18 (4 marks)

¥ 2
@ 3
Evaluate |sec’x dx giving the answer in exact form with rational denominator.
giving
b4
6
......................... T L
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| Question 19 (6 marks)
A function is given by f(x) = 3+4x> —x*.

(a) Find the stationary points and determine their nature.
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" Question 19 (continues)

(b) Show that there is a point of inflexion at (2,19) on the curve.

X 'f’::,}k "
...................... 5020 T 2n® A =0
ar (s - 2 =
= = O o< ~™ =
AR SRS ST sy e psinomiel Rets SN
“ . N
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e
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St \.}

(¢) Hence, Sketch the graph of the curve and clearly label the stationary points and the points of
inflexion on the curve. DO NOT determine the x intercepts of the curve.
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PART C e A B e

" Question 20 (5 marks)

Student Number

, 1+e” 2e”
(a) Show that ~ = 1+ -
1-e 1—e
e
LHy = S RS- | + 2%
\- * - L
-, L 19
an©T
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= ™ X
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e -
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\-¢ - LW
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1+e”
(b) Hence, find j — dx 3
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Question 21 (3 marks)

A normal to the graph of y=2«/; has the equation y =-3x+5 . Find the value of b. 3
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Question 22 (4 marks)

The probability of Sirhind soccer team winning their next game is dependent on

whether or not they win the previous game.

If they won the previous game, the probability of winning their next game is 0.8

If they did not win their previous game, then the probability of winning the next game is 0.4

They won on Monday and then they played on Tuesday and Wednesday.

(a) Represent the above information using the tree diagram given below

Monday Tuesday Wednesday
N
=T Vi s
o / Cort®
-r'//”
<
P Wom— )
7 [ ! R '
- O L T e
= e
7 ~ A
- i\ ? !/f‘ ‘(
- - ~ W e V. (ot ="
T oo —
\\\\\\\ . //
\\\\\\\\\\\\\\ Wl K</
— ~——
f::} - s‘;;’ \\\_\ A} 5
T | RO
SIS — A
(b) Find the probability that the Sirhind soccer team do not win on Wednesday.
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- {:\ IS SN S
............. R T T T
LR R R T I PP P RPPPPPRY
- © (~AwW D s @C -~ ~n) %
.................................................................................. I TR TRPSTT PP TP RIS
. v =
= G N N S U e R oL = Beng e Oy &
=22 -
% %



Question 23 (3 marks)

For the probability distribution below, find the values of m and 7 given that

the expected value of the distribution is 4.8 3
x 0 2 3 7 n
P(X =x) 0.1 0.3 m 0.3 0.2

..............................................................................................
..........................................................................................................
..........................................................................................................
...........................................................................................................
..........................................................................................................

...........................................................................................
..........................................................................................................
..........................................................................................................
......................................................................................................
...................................................................................

....................................................................

.............................................................

..........................................................................................................

..........................................................................................................

..........................................................................................................

..........................................................................................................
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PART D e NN Teaoally

Question 24 (5 marks)
If f(x)=log, (x+J§)

(a) Show that f (x)z%%j
X|\Vx

..........................................................................................................
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.................................... R S N
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Question 24 (continued)

(b) Hence, when x=2, Show that f ‘(x)=-—2\/;;10an be written in the form @ +5+2
2x(<x +1)
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Question 25 (9 marks)

Consider the function defined by f(x)=e**(1-x) where —-3<x<1

(a) Complete the following table

X -3 -2 -1 0 1
f(x) 0.01 0.05 |o.am7 \ Q
/
(b)  Using the trapezoidal rule with five function values, approximate the area under the curve 2
f(x) for -3<x<1
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Question 25 (continued)

(¢) Differentiate f(x)=e”*(1—x) and show that the function has only one stationary point.
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Question 25 (continued)

(d) Without further calculus, use the table of values from part (a) to sketch

f(x)=e(1-x) for —3<x<1, and show the stationary point on the curve. 2
e
&
g .y e cmﬁhkf:z

G
&
TSN

B =

N

. v______,,ﬂ.——// | h
> " 2 o
-’ é
3 H g

(e) From the diagram, decide whether the approximation underestimates or overestimates the true

value of the area under the curve. Give a brief reason. 1
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Question 26 (3 marks)

Calculate the exact area of the shaded region in the diagram below enclosed by the curves y = x>,y = 1
x

!
w

and theline x=

e
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Question 27 (3 marks )
Consider the function f(x)=—- 1
2 2%+1

2" -1
(a) Show that 11 =
2 27+1 202" +))

Y 8 5 N
s AL 2 e N N
.................. R I I T R R I T T I T T T T e o R R I I I I IR S S P Y
o=,
= e
&
) Tl ‘;‘V‘K\ o g
....................... N Bttt + R s e e nsee s asessa st esarcacisacsas e an
S
2 (2"~
o, S -
= ] s o
............................................. Sonittne bt e
- ~ )
& (8% e

..........................................................................................................

(b) Hence determine whether f(x)is even, odd or neither. Show all working
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Question 28 (6 marks)

The velocity v of a particle initially at the origin is given by v(¢) =sin (%t} , in metres per second.

(a) Find the displacement function x(¢) 2
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(b) Find the acceleration function a(z) 1
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Question 28 (continued)

(d) Sketch the displacement-time graph on the domain 0<¢<167x
and briefly describe the motion. 2
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1 - correct shape, amplitude marking on the y-axis, all labels on x-axis.
1 - Describe motion including, at the least, amplitude or period.
A\
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Question 29 (7 marks)

The rate of fuel burn, ¢ minutes after the engine starts operation, R kg per minute, is given by the relation

R=10+ 2
1+2¢
(a) Draw a sketch of R as a functionof ¢ , 120 2
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i Question 29 (continued)

(¢) What value does R approaches as ¢ becomes very large?
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Question 30 (5 marks)

Carol, Mary and Manar arrive at the top of a cliff at 9:00 am on a particular Saturday morning. They are
planning to explore the lower cave in the cliff.

Top of cliff

upper cave

lower cave

seabed

The height, /7 metres of the seawater is given by the function %(¢) = 7 —4sin (Z;-zj , where ¢ is the number of

hours after 9:00 am, on Saturday morning.

(a) What is the height of the water when the girls first arrive at the top of the cliff? 1
R =L NN E s A S (See) e
.......................................................... T T e

(b) The girls notice that the height of the water is falling and they wait for the water to fall so that they

can explore the lower cave. When the water is 4 metres and falling, they enter the lower cave.
2

What time do the girls enter the lower cave?

3 . o e o ey M lowier ceva
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Q30 (continued) v

(c) The girls plan to leave the lower cave when the water level is again at 4 metres and rising.

Calculate how long will they have to explore the lower cave to the nearest minute? 2
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Question 31 (7 marks)

A wire of length 5 metres is to be bent to form the hypotenuse and base of a right angled

triangle ABC with right angle at B . Let the length of the base BC be x metres.
g G s

(a) Write an expression for the length of the hypotenuse AC in terms ofx . 1

epen 2 L By

(b) Show that the area of the triangle ABCis %x\/ZS —10x square meters. 2
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Question 31(continued)

(c) Find the maximum possible area of the triangle ABC .
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2022 Trial Higher School Certificate Examination

Mathematics Advanced

Section | — Multiple Choice Answer Sheet

Allow about 15 minutes for this section
Select the alternative A, B, C or D that best answers the question. Fill in the response oval completely.

Sample: 2+4= (A) 2 (B) 6 (C)8 (D) 9
A O = cO DO

If you think you have made a mistake, put a cross through the incorrect answer and fill in the new answer.

B ¥ c O D O

A @

If you change your mind and have crossed out what you consider to be the correct answer, then indicate the
correct answer by writing the word correct and drawing an arrow as follows.

carrect

A ¥ cO DO

1 A c®
2 A c O
3 A c O
4 A c O
5 A c O
6 A c O
7 A c O
8 A c O
9 A C

0. A c O
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