Merewether High School

2() 2() TRIAL HIGHER SCHOOL CERTIFICATE EXAMINATION

Mathematics Extension 1

General °
Instructions
[ ]

Reading time — 10 minutes

Working time — 2 hours

Write using black pen

Calculators approved by NESA may be used

A reference sheet is provided at the back of this paper

In Questions 11-14, show relevant mathematical reasoning
and/or calculations

Total marks:  Section I — 10 marks (pages 2-5)

70

Attempt Questions 1-10

Allow about 15 minutes for this section

Section II — 60 marks (pages 6-11)

Attempt Questions 11-14

Allow about 1 hour and 45 minutes for this section



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 Given there are 365 days in a non-leap year, what is the minimum number of people
needed to guarantee that at least two people have the same birthday?

183
365
366
367

SO wp

2 What is the primitive function of ?

4+ x°
A. 1n(4+x2)+C
B. sin’1£+C
2
C. cos’1£+C
2

D. tan'2+C
2

3 The unit vector of vector ( ] could be written as:

5
_2\/8

A. %(5; -246,/)

B. %(—2J€g+sz)
. 55 (5i-246))
D <5 (2v6i+3))
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S The expression for y =cosx— J3sinx in the form R cos(x+ ) is:

A. 2cos[x+£}
6

B. cos(x+£]
6

C. 200s[x+zj
3

D. cos(x+zj
3

6 In the following diagram, all the short line segments are equal in length.
A pf

e
[ /]

o/ I/ J K/

The vector OA = g and the vector 0J = J. The expression %g + % J represents:
A. OE

B. OF
C. OG
D. BE

. OH

7 A jury of 12 people is to be chosen from a group of 12 males and 18 females. How many
possible jury combinations could be formed if the final jury had at least 9 male members?

13 613 040
189 835
1287

13 984 880

Cnowp



8 The expression €oS

1

X o
sin  —+sin  — | simplifies to:
y

9 A 150cm tall person is walking away from a 10m lamp post at 2m/s.
How fast is the person’s shadow changing?

A. —m/s

10 The polynomial x* —3x” +4x—1=0 has roots «, # and J. Find the value of
(a+1)(B+1)(5+1).

OSaowp
O —~= 0 O



Section 11

60 marks
Attempt Questions 11-14
Allow about 1 hour and 45 minutes for this section

Answer each question in the appropriate writing booklet. Extra writing booklets are available.

In Question 11-14, your responses should include relevant mathematical reasoning and/or
calculations.

Question 11 (15 marks) Use a SEPARATE Writing Booklet.

(a) The diagram below is a sketch of the graph y = f'(x).

1 7 oX
(i) Sketch the graph of y = f' (|x|) 1
(i)  On a separate number plane, sketch the graph of y = ‘ f (x)‘ 1

Question 11 continues on page 7



3tan @ —tan’ &

(b) (1) Prove the trigonometric identity tan36 =
1-3tan’ @

(i1)) Hence, find expressions for the exact values of the solutions to the
equation 3x—x’ =1-3x>. 4

(c) A curved funnel has a shape formed by rotating part of the parabola
y= 2+/x about the y-axis, where x and y are given in cm. The funnel is
4cm deep. Find the exact volume of liquid which the funnel will hold if it is
sealed at the bottom.

(d) The position of a particle at time ¢ seconds is given by the parametric equations
x=3sint and y =3cost, where x and y are in metres.

(1) Find the velocity of the particle when ¢ = 0.

(i1)) Determine the cartesian equation of the particle’s path.

End of Question 11

Question 12 begins on page 8



Question 12 (15 marks) Use a SEPARATE Writing Booklet.

° 2x

dx using the substitution u =1-x.

(a) Evaluate I
S34l1-x

2
(b) If y=¢" satisfies the differential equation ay + @ _ 6y =0,

dx* dx

2
(i) Show that 4y =k’y
dx’

(ii) Find the possible values of .

(c) For the function f(x) = (x—l)2 -6
(i)  Sketch the function, clearly labelling the x and y intercepts and the

coordinates of the vertex and explain why the domain of the function
must be restricted if f'(x)is to have an inverse function.

(i) ~ Give the equation for /() if the domain of f(x) is restricted

to x>1.

(iii) ~ State the domain and range of £ (x), given the restriction in part (ii)

and sketch the curve y = f' (x) on a separate number plane.

(d) Given displacement vectors y =—12i — j and v=15i -4, find the

magnitude and direction to the nearest minute, of the resultant vector u + V.

End of Question 12

Question 13 begins on page 9



Question 13 (15 marks) Use a SEPARATE Writing Booklet.

5

(a) For the differential equation y'=———
2x% +7x+3

(i) Show that > __ 2 1

2% +7x+3 2x+4l x+3

(ii)  Find the solution to the differential equation, given that when x = l ,y=1.

(b) Given the expression 2sin4xsin x,

(i) Use a formula on the reference sheet to rewrite this in terms of
cos3xand cosSx.

T

(i) Hence, find an exact value forJ‘ *sindx sin x dx.
0

(c) Write an equation of a trigonometric function that has every one of the
following four features:

e [s continuous for all values of x.
The range is —1< y <3.

The period is 2—”
3

T
At the point [—,—lj , the gradient of the function is zero.
3

(d) Find the two possible acute values of tan Q, given 2sin@—cosf—-2=0.

(e) Show that P=33+212¢ """ if ar _ —0.05(P —33) and initially P=245.

dt
End of Question 13

Question 14 begins on page 10



Question 14 (15 marks) Use a SEPARATE Writing Booklet.

(a) Use mathematical induction to prove that 2+10+24+---+n (3n — 1) =n’ (n + 1)

for all integers n > 1. 3

(b) Jacob’s yacht is moored directly south of a sandy access point onshore. Jacob
intends to give his dog some exercise. He will need to row his dinghy, from his
yacht, across to this access point 100 metres directly north of his yacht. Jacob’s
rowing speed is 5 metres per second when the water is still. The current is flowing
east at a rate of 4 metres per second. Jacob’s dinghy will also be impacted by a
wind blowing from the south-west, which will push the dinghy at 8 metres per second.
He starts rowing the dinghy directly across to the sandy access point onshore so that
he is perpendicular to his yacht.

(i) Show that the velocity of Jacob’s dinghy can be expressed as the component

vector (4+4\/§)£+(5+4\/§)Z. 2

(i1)) Calculate the speed of the dinghy, correct to 2 decimal places. 1

(iii)) Determine how long it took Jacob to reach the shore, and the distance
he rowed. 3

Question 14 continues on page 11

-10 -



(c) A golfball is hit at a velocity of 90 ms™ at an angle & to the horizontal.

The position vector s (t) , from the starting point, of the ball after ¢ seconds

is given by s =90¢cos 0i + <90t sin@ -3¢’ ) J, where gravity is 9.8 ms™

(i) Show that the maximum horizontal range of
the ball is 1350sin 26 metres.

(i1)) To ensure that the ball lands on the green, it must travel between 400
and 450 metres. What values of 4, correct to the nearest minute, would

allow this to happen?

(iii))  The golfer aims accurately and hits the ball directly towards the green.
After 3.4 seconds of flight, at a point 9 metres above the ground, the ball
hits a low flying TV drone. If it had not hit the drone or any other
obstacles, would the ball have landed on the green? Justify your answer
mathematically.

End of paper

S11 -



2020 Mathematics Extension 1 trial solutions.

Multiple choice answers
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\l» b) i) Prove Tan 30 < 3+an9—+cx/\59
| | — >tan? ©

tan 29= tan(6+ 29)

- tan 6 + tan 28 ()
| — fan 6 tan 20
| _24anB
+an © + V- tan® @ (\)
s 2+an &
| = ton® | -ton™® O
_ fan 0 - tan’O + 2tan @ 0)
| -~ ran®8 - 2+an® ©
2 Yan @ - ‘\‘Qf\—b@ EBMO\Ft?J
- | — Bton -6
) Let = fan® g0 3x-X7. |-mx* Deomes
>roan © - '\'OLJ\EG = 1- tan "6 ()
2ron® — tan’® _ |
| - Z2+tan® ©
Yon 6 =\ from ParJr (Y (1)
3010 LT
Lt—
- +tnll = TMI4nll @)
|2 > \2Z
X = tan 1T , +an & tan AT
\2 ! O

= ton © | tan s tan 20
\2 2! 4

EK— Mar lu_:,]



bﬁii\ abbernodive

T
- x” =\-2Zx

0 = %2 —3x” -x & |
POY = = 3-3¢| +O
P = -1-3+¢3+4l =0
(<) {5 o fackor o P(D= x? _ Ba® _2 |

© _4x + |

x4\ \ x” ~ Dt =D £ |
TP 4+ =
S
T~k 4

x|
P()= ex-*'D(‘x-l— 4—oc+l\ = O
w=—\ A= 4t Slé,—l{-

2

x= 4 + 1 x = & =\
2 2

=4t 2> = 4-235
% 2

= 2413 - 2- 3>
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1) )

)

A = -7_')‘51.1’\{: (j: 3(:_09_6

4= doc
dt
d @5,‘/\{;); 2 cost
dt
ot t=0 W= Dcos0
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Questhion |4
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4 b ) cont-

Tine taken = 134949 3465m < 142Fms™

= 94 SecOno\S (i)

[5 Markil

c)1) s=qot cos 0L +(q0t51n0 - 3L%) A =9 8ms
Mo (angQ. whaen W=

qot sin -3¢ =0

£ (905108 -3L) =0

£=0 o 90sn©-3>t =0
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Mox rar\%?,‘ when == 20010 . £

x = 90 (2020 Q) cos &

- 13950 an 26 (0 CQ_ markS]

) g4oo «1»Sosein 20 £ 450

400 « sin 20 < 450
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