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MATHEMATICS EXTENSION 1

2019 Year 11 Course Assessment Task 3
Wednesday, 18 September 2019

General instructions SECTION 1

e  Working time — 2 hours e Mark your answers on the answer grid provided.
(plus 10 minutes reading time)
e  Write using blue or black pen. Where diagrams | SECTION I1I

are to be sketched, these may be done in pencil. ) )
e All necessary working should be shown in every

e NESA approved calculators may be used. X ot

¢ A NESA Reference Sheet is provided. question. Marks may be deducted for illegible or

e Attempt all questions. 1ncompl§t§ workmg: .

e At the conclusion of the examination, bundle * Exira ertl.ng Space 1s pI‘OV'ldefl on page 211t
any additional sheets used in the correct order you 1:[1.se this space, clear%y indicate which
within this paper and hand to examination question you are answeting.
supervisors.
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2 2019 MATHEMATICS EXTENSION 1 YEAR 11 COURSE ASSESSMENT TASK 3

Section I
10 marks
Attempt Questions 1 to 10

Allow approximately 15 minutes for this section

Mark your answers on the answer grid provided on page 5.

Questions Marks
1. The sector below has an area of 207 square units. 1
Not to scale
p
60°
What is the value of r?
(A) 120 © \/é
(B) 120w (D) \E
2. The graph of y = f(x) below has which of the following properties? 1
y
A
2 -
1 4
T | l l > X
g Y 1 2 3 4 5
—1
(A f'(x) > 0and f""(x) > 0 ©) f'(x) < O0andf"(x) >0
B) f'(x) > 0andf"(x) < 0O (D) f'(x) < O0andf"(x) < O
3. Evaluate lim =23 1
x-3 x-3
(A) o B) 0 € 4 D) 2
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2019 MATHEMATICS EXTENSION 1 YEAR 11 COURSE ASSESSMENT TASK 3

4. Iff(x) =a* + a™*, which of the following expressions is equal to [f(x)]??

(A) 1-f(2x) B) 1+f(2x) © 2-f(2x) D) 2+ f(2x)

5. The displacement, x metres, from the origin of a particle moving in a straight line at any time
t seconds is shown in the %ranh,

8+

4_.._
— /{\ > 1
M 12 16
44

When was the particle first at rest?
A t=0 B) t=2 (C) t=45 (D) Never
6. Let f(x) = klog, x. If f~1(1) = 8, what is the value of k?

(A)
(B)

) 3
(D) 8

wlk o

7.  Let f and g be two functions such that f(x) = 2x and g(x) = 3x — 5.
Which of the following is f(g(x))?

(A) 6x—1 (B) 6x+1 (C) 6x2+1 (D) 6x—10

8.  Given the curve y = f(x), which of the following is the best representation of y = f(—|x|) ?

(A) Areflection of y = f(x) for x = 0 in the y-axis
(B) A reflection of y = f(x) for x < 0 in the y-axis
(C) Areflection of y = f(x) for y = 0 in the x-axis
(D) A reflection of y = f(x) for y < 0 in the x-axis
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9.

10.

The graph of the function y = cos (Zt - g) is shown below. 1

v

S
~

What are the coordinates of the point P?

@ (50) © (30)

® (5.0) ® (7.0)

Which graph best represents the curve y2 = x? - 2x? 1
( A) ylr (C) yA

0\/2 X 0 2 X

(B) ylk

(D)\y‘
0 2 X /0 N X
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Answer Sheet for Section 1

Mark answers to Section I by fully blackening the correct circle

1- ® ©
2- ™ ©
3— @ ©
14- ® ® ©
5— @ ©
6 - @ ©
- ® ©
8— W ® ©
9-— @ ©
10— & ©

ONONONONONONONONONC),
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6 2019 MATHEMATICS EXTENSION 1 YEAR 11 COURSE ASSESSMENT TASK 3

Section 11

66 marks
Attempt Questions 11 to 15

Allow approximately 1 hour and 45 minutes for this section.
Answer the questions in the spaces provided.

Extra writing space is provided on page 21. If you use this space, clearly indicate which question you are
answering.

Question 11 (10 marks)

(a) Differentiate with respect to x:

i y=-3x* 1

ii. f(x)=((3x?-5)° 2
_ 2x-1

iii. f(x) = 2 2
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2019 MATHEMATICS EXTENSION 1 YEAR 11 COURSE ASSESSMENT TASK 3

iv. y=3x%J/x—-2

(b) Differentiate f(x) = x? from the first principles.

(c) Find the x coordinate of the point on the curve y = x? + 5 where the tangent has
the gradient of —2.

NORMANHURST BOYS HIGH SCHOOL



8 2019 MATHEMATICS EXTENSION 1 YEAR 11 COURSE ASSESSMENT TASK 3

Question 12 (14 marks) Marks
(a) Solve xzx_ > 0, giving the answer in interval notation. 3
(b) 1. Sketch the graphs y =vV4 —xandy = % [x — 4| on the same set of axes, clearly showing 3

the x and y intercepts.

.. . 1
ii. Hence or otherwise solve V4 — x > 5 |x — 4]. 1

NORMANHURST BOYS HIGH SCHOOL



2019 MATHEMATICS EXTENSION 1 YEAR 11 COURSE ASSESSMENT TASK 3

iii. Find the equation of the inverse function of y = V4 — x and state its domain.

iv. Sketch the graph of the inverse function of y = V4 — x showing x and y intercepts.

NORMANHURST BOYS HIGH SCHOOL



10 2019 MATHEMATICS EXTENSION 1 YEAR 11 COURSE ASSESSMENT TASK 3

(c) The graphs of y = f(x) and y = g(x) are given below. 2

Sketch the graph of y = f(x) X g(x).

5
9

w

-3

(d)  Find the Cartesian equation of the parametric equations x = 2t + 1 and y = % -1 1

NORMANHURST BOYS HIGH SCHOOL



2019 MATHEMATICS EXTENSION 1 YEAR 11 COURSE ASSESSMENT TASK 3 11

Question 13 (13 marks)

(a) Iflogy b =03 and log, ¢ = 0.4, find the value of log, (2). 3
b) i Showthat ¥ = €@ o e 2
(®) 1. owthat o = 2x2 1y = 2x

NORMANHURST BOYS HIGH SCHOOL
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2019 MATHEMATICS EXTENSION 1 YEAR 11 COURSE ASSESSMENT TASK 3

il.

x2

A tangent is drawn from the origin O to the curve y = ez_x 3

By taking the equation of the tangent as y = mx, show that the x coordinates of the points of
contact of the tangent and the curve are x = +1.

Examination continues overleaf...
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13

Blank page
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14 2019 MATHEMATICS EXTENSION 1 YEAR 11 COURSE ASSESSMENT TASK 3

(c) The concentration, C, of good bacteria in a healthy intestine is usually 110 bacteria per gram of
intestinal contents. After a bout of food poisoning, this concentration drops to 15 bacteria per gram. The
rate of increase of the concentration of good bacteria is proportional to the difference from the normal
110 bacteria per gram, that is,

4 rawo-c
7c = K )

where t is the number of hours since suffering food poisoning.

i.  Show that C = 110 — Ae™*¢ satisfies the above equation. 1

19 hours after suffering food poisoning, David’s intestines has a concentration of 20 bacteria

per gram.
ii. Show thatk = ——log, — 2
19 19
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15

iii. How long after suffering food poisoning will the concentration of good bacteria in his
intestines reach 90% of its healthy state? Give your answer correct to the nearest hour.

NORMANHURST BOYS HIGH SCHOOL



16 2019 MATHEMATICS EXTENSION 1 YEAR 11 COURSE ASSESSMENT TASK 3

Question 14 (14 marks)

(a) Ms Park is creating a mosaic pattern by placing square tiles next to each other along a straight line as
shown below. The tiles are in contact with adjacent tiles, but do not overlap.

) Total length g
The area of each tile is half the area of the previous tile, and the sides of the largest tile has length
w cm.
. . L. V2
i.  Show that the length of the sides of the second largest tile is W 1
ii. Explain why the lengths of the sides of the tiles forms a geometric sequence. 2

NORMANHURST BOYS HIGH SCHOOL
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17

iii. Find, in terms of w, the length of the sides of the n™ largest tile.

iv. Using the same pattern, what is the minimum number of tiles needed so that it forms a line
of at least length 3w cm?

3

NORMANHURST BOYS HIGH SCHOOL



18 2019 MATHEMATICS EXTENSION 1 YEAR 11 COURSE ASSESSMENT TASK 3

v.  Show that, no matter how many tiles are in the pattern, the total length of the series of tiles 2
will be less than 3.5w.

(b)

A cone of radius 4 cm and height 12 cm is being filled with water at a constant rate of 2 cm’/s.

Let the depth of the water in the cone after t seconds be h cm and the radius of the surface
water be r cm.

1.  Show that r = g 1

NORMANHURST BOYS HIGH SCHOOL
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19

ii. Show that the volume of the water at any time t is V' = % h3.

iii. Find the rate at which the depth is increasing when the depth is 4 cm.

Question 15 (16 marks)

(a)  Find the exact value of (sin 22.5° + cos 22.5°)?

NORMANHURST BOYS HIGH SCHOOL
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. 1 1 3
(b) Ifsmx=§,cosy=—ﬁ suchthat§<x<nand7r<y<7”. 4

Find the exact value of tan(x + y).

sin 360 cos36

(c) Prove that ino T coso

NORMANHURST BOYS HIGH SCHOOL



2019 MATHEMATICS EXTENSION 1 YEAR 11 COURSE ASSESSMENT TASK 3 21

(d)

ABC is a horizontal, right-angled, isosceles triangle where AB = BC and ZABC = 90°.P is
vertically above B; Q is vertically above C and PR is parallel to BC. The angle of elevation of P from
A, and Q from P are a and 8 respectively. The length of AB is x m.

i.  Show that QC = x(tana + tan f3) 2

ii.  If the angle of elevation of Q from A is 8, prove that 2

tana + tan 8

V2

tan 0 =

NORMANHURST BOYS HIGH SCHOOL
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iil.

End of examination.
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23

Section II extra writing space

If you use this space, clearly indicate which question you are answering.
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Section 1

10 marks

Attempt Questions 1 to 10

Allow approximately 15 minutes for this section

Mark your answers on the answer grid provided on page 5.

Questions Marks
1. The sector below has an area of 207 square units. 1
\ Not to scale
r Y
\“'I
II
60° |

What is the value of r?

@ viz © [
1
3

(B)y 120w (D)
2. The graph of y = f(x) below has which of the following properties? 1
y
A
2 -
1 4
T T T T > X
a0 / 1 2 3 4 5
-1
(A f'(x) > O0andf"(x) > 0 (C) f'(x) <O0andf"(x) > 0
f'(x) > 0and f"(x) < 0 (D) f'(x) < 0andf"(x) < 0
3. Evaluate limﬁ’? 1
x—3 x-3

(A) o (B) 0 4 (D) 2

NORMANHURST BOYS HIGH SCHOOL
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Ll

4. If f(x) = a® + a~*, which of the following expressions is equal to [f(x)]??

W) 1-fex B 1+f@) (© 21N 2+ f(2x)

5. The displacement, x metres, from the origin of a particle moving in a straight line at any time
t seconds is shown in the s_ranh

‘{—»—
44
} ' /—I\ o
4 8 12 16
44

When was the particle first at rest?
(A) t=0 B) t=2 @ t =45 (D) Never
6. Let f(x) = klog, x. If f~1(1) = 8, what is the value of k?

(A) 0 (c) 3
1
3

@ (D) 8

7. Let f and g be two functions such that f(x) = 2x and g(x) = 3x — 5.
Which of the following is f(g(x))?
(A) 6x—1 (B) 6x+1 (C) 6x2+1 @ 6x — 10

8. Given the curve ¥y = f(x), which of the following is the best representation of y = f(—|x|) ?

(A) A reflection of y = f(x) for x = 0 in the y-axis
A reflection of y = f(x) for x < 0 in the y-axis
(C) A reflection of y = f(x) for y = 0 in the x-axis
(D) A reflection of y = f(x) for y < 0 in the x-axis

NORMANHURST BOYS HIGH SCHOOL
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4 2019 MATHEMATICS EXTENSION 1 YEAR 11 COURSE ASSESSMENT TASK 3

9. The graph of the function y = cos (Zt - %) is shown below. 1
y
0 P 1

What are the coordinates of the point P?

@ (5:0) © (0

2 7
® (%) ®) (Z,0)
10.  Which graph best represents the curve y* = x? - 2x? 1
(A] yjr ©) Ve

)\y'
o0 2 * /

=\

NORMANHURST BOYS HIGH SCHOOL
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Answer Sheet for Section I

Mark answers to Section I by fully blackening the correct circle

N OOt R W N -
|
>
los]
(@]

NORMANHURST BOYS HIGH SCHOOL.
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Section 11

72 marks
Attempt Questions 11 to 15

Allow approximately 1 hour and 45 minutes for this section.
Answer the questions in the spaces provided.

Extra writing space is provided on page 22. If you use this space, clearly indicate which question you are
answering.

Question 11 (10 marks)

(a) Differentiate with respect to x:

i, y=-3x* \ g /

ii. f(x)=@x?-5)°

:IZX}f};ﬁﬁﬁﬁéﬁ:(fﬁ?ﬁﬁ@;f?ff:/

""ffﬁﬁlfIﬁ%;iﬁf?f???%ﬁf@ﬁf%ﬁ?éf?ﬁ%/fﬁﬁﬁiﬁfﬁﬁfﬁfﬁﬁﬁ

NORMANHURST BOYS HIGH SCHOOL
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e — 2D ] ] -

New Section 1 Page 7
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(b) Differentiate f(x) = x? from the first principles.

L
0= oy .,.,M.‘.‘.‘._jﬁﬁ.IiﬁﬂﬁﬁjﬁjﬁjﬁiﬁﬁjﬁjﬁjIﬁﬁﬁﬁﬁﬁjIﬁjﬁﬂﬁfﬁjﬁjﬁjﬁﬁﬁﬁﬁﬁjﬁjﬁ

)ﬁ L\—au l"
(‘w\ th\+l\ [w (1 u(L)
L0 ln RS

(c) Find the x coordinate of the point on the curve y = x? + 5 where the tangent has
the g gradiem of —2.

:):m Z

NORMANHURST BOYS HIGH SCHOOL
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8 2019 MATHEMATICS EXTENSION 1 YEAR 11 COURSE ASSESSMENT TASK 3

Question 12 (14 marks) Marks

(a) Solve x:—_l = 0, giving the answer in interval notation. 3

q ‘F+ S B
e ()L,\) (k—H )
ezl o]UU °")

AL (,\ ool 7(6(‘ +)
o

(b) i.Sketch the graphs y = v4 —xandy = %lx — 4| on the same set of axes, clearly showing 3
the x and y intercepts.

VAR

$ /{ v\)"?’(ﬁ\);\j

=2

. . 1
ii. Hence or otherwise solve V4 — x > =|x — 4/

04%44‘/

NORMANHURST BOYS HIGH SCHOOL
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iii. Find the equation of the inverse function of y = v/4 — x and state its domain.

..................... 7D.‘ D“MQ"E‘N

v, §k€‘gh the graph of the inverse function of ¥ = ¥4 — x showing x and y intercepts.

-2

-3

NORMANHURST BOYS HIGH SCHOOL
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(c) The graphs of y = f(x) and y = g(x) are given below. 2

Sketch the graph of y = f(x) x g(x).

ot L C
] -3 -2 -1 7
(d)  Find the Cartesian equation of the parametric equations x = 2t + land y = % -1 1

‘ —

NORMANHURST BOYS HIGH SCHOOL
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Question 13 (13 marks)

(a) Iflogg b = 0.3 and log, ¢ = 0.4, find the value of log, C—I) 3

/r, (_ — ja (")

<
. ) dy _e* % (2x?-1) _ iz
(b) i. Show that T ify = Py 2

NORMANHURST BOYS HIGH SCHOOL
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¥2

ii. A tangent is drawn from the origin O to the curve y = ez—x. 3

By taking the equation of the tangent as y = mux, show that the x coordinates of the points of
contact of the tangent and the curve are x = +1.

Lej et lu 'H-L = éaard\mx‘lx 04— ()ou:t o—-{'
e MA-

S — % Cac‘raf_,,\c:ll {’H‘ bo ..... _-)} AR ’(’ |

Examination continues overleaf...

NORMANHURST BOYS HIGH SCHOOL
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Blank page
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(©)

4 k(p@ H)

The concentration, C, of good bacteria in a healthy intestine is usually 110 bacteria per gram of
intestinal contents. After a bout of food poisoning. this concentration drops to 15 bacteria per gram. The
rate of increase of the concentration of good bacteria is proportional to the difference from the normal
110 bacteria per gram, that is.

dc—k 110-C

where t is the number of hours since suffering food poisoning.

i.  Show that C = 110 — Ae~*! satisfies the above equation. 1

............................. kL L([@ j— Q) RN NV SR AN 1o :ﬂ'

. (“O A@ ja% %QJ —H\__ e%a‘

19 hours after suffering food poisoning, David’s intestines has a concentration of 20 bacteria
per gram.

- 1 18
ii. Show that k = —E]uge; 5

BRSNS ¥ 2

..... : &__%—/
19k
26 = ” —95e
.9x. é = ? 6.

NORMANHURST BOYS HIGH SCHOOL
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iii. How long after suffering food poisoning will the concentration of good bacteria in his

intestines reach 90% of its healthy state? Give your answer correct to the nearest hour.

okt
0.9xl0=]l0- 952 /

= 7574029821

. Aches 75§ bewws: T

NORMANHURST BOYS HIGH SCHOOL
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Question 14 (14 marks)

(a)  Ms Park is creating a mosaic pattern by placing square tiles next to each other along a straight line as
shown below. The tiles are in contact with adjacent tiles, but do not overlap.

T\ 9'7’
I » ),

Aq, p}

Total length

The area of each tile is half the area of the previous tile, and the sides of the largest tile has length
w cm.

i.  Show that the length of the sides of the second largest tile is gw. 1

\ NORMANHURST BOYS HIGH SCHOOL
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2019 MATHEMATICS EXTENSION 1 YEAR 11 COURSE ASSESSMENT TASK 3 17

iii.  Find, in terms of w, the length of the sides of the n™ largest tile. 1

(

N L

iv. Using the same pattern, what is the minimum number of tiles needed so that it forms a line 3
of at least length 3w cm?

NORMANHURST BOYS HIGH SCHOOL
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(b)

v.  Show that, no matter how many tiles are in the pattern, the total length of the series of tiles 2
will be less than 3.5w.

A cone of radius 4 cm and height 12 cm is being filled with water at a constant rate of 2 cm’/s.

Let the depth of the water in the cone after t seconds be h ¢cm and the radius of the surface
water be r cm.

=

i.  Show that reg

L meich ‘(“ ...... J‘ ,",A: ................

NORMANHURST BOYS HIGH SCHOOL
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. . . T
ii. Show that the volume of the water at any time t is V = —hs.




Question 15 (16 marks)

(a)  Find the exact value of (sin 22.5° + cos 22.5°)?

NORMANHURST BOYS HIGH SCHOOL
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. 1 1 T 3m
(b) Ifsmx-;,cosy——\/—5 suchlhat;<x<1rand1r<y<7. 4

Find the exact value of tan(x + y).

sin 36 cos 38

sin9+ws@ = 4cos 260 3

(c) Prove that

.................. 50 W00 £ 0310 S A
£ tos O
.................... S“k(?e w)‘z"ﬁ‘w‘:’/
= = —_—
.................... ‘{7‘28!\50“"9’"‘“:&

NORMANHURST BOYS HIGH SCHOOL
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21
(d)
A oL
ABC is a horizontal, right-angled, isosceles triangle where AB = BC and ZABC = 90°.P is
vertically above B; @ is vertically above € and PR is parallel to BC. The angle of elevation of P from
A, and Q from P are e and f§ respectively. The length of AB is x m.
i. Show that QC = x(tana + tan ) 2

PA r8
R e — G\ e b et enn
QR = Aty o P8 o e
_ o " A c
ii. If the angle of elevation of Q from A is @, prove that 2
tana + tan
tanf = ———

V2
o= &

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

..................... 5 T i

- )(,-L"k?(/L Ji)(

\I V
N
NORMANHURST BOYS HIGH SCHOOL
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3
n’
................................................................................................................................. A/P—.m
.......................... PQ__;_J‘%.(?
............................................ AC

L= ? “‘f‘ sec K bee f8

End of examination.
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