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James Ruse Agricultural High School

2022 | Year 12 TRIAL HSC EXAMINATION

Mathematics Extension 1

General
Instructions

Total marks:
70

* Reading time — 10 minutes

» Working time — 2 hours

» Write using black pen

* Calculators approved by NESA may be used

» A reference sheet is provided

» For questions in Section Il, show relevant mathematical reasoning and/ or
calculations

Section | - 10 marks (pages 2-5)
« Attempt Questions 1-10
« Allow about 15 minutes for this section

Section Il - 60 marks (pages 7-12)
« 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  The diagram below shows the graph of P(x) = a(x + b)(x + ¢)(x + d)>.

Which of the following is a possible set of values for a,b,c and d?

A. -24,3,1,-2
B. -2,3,1,-2
C. -2,-1,-3,2

D. -24,-1,-3,2



2 f(x)isan odd function and f(—1) < 0. A possible graph showing y = f(—|x|) is

N :

6
3 Which is a correct anti-derivative for ———?
V4 — 9x?

4 Consider two hot bodies, A and B, which have temperatures of 120°C and 80°C at ¢t = 0
seconds. The temperature of the surrounding is 40°C. The ratio of the rate of cooling of
body A to body B at # = 0 seconds will be:

A 1:2
B. 2:1
C. 32
D. 2:3



5 Which of the following differential equations yields the direction field below?
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dy xcos(x+y)

A. =
dx y
B dy 'y cos(x +y)
Codx x
C ﬂ _xsin(x +y)
T odx y
D. dy _y sin(x + )

dx X

6 A particle has position vector given by r(¢) = cos™! (¢) i+ sin™! (1) J- The distance travelled
by the particle in the interval [-1,1] is closest to

A. 6

B. \/§7T
5

V2r

o Q



Given cos(36) = 4cos®6 — 3cosH, which of the following is the simplified form of
cos™ ! (4x3 - 3x)?

A. 7-3sin"lx
B. 3sin”!x
C. 3coslx

D. m—3cos lx

How many integers do not satisfy the inequality 3|x — 1| + x> =7 > 0?
A 4
B. 3
C. 2
D. 1

If fok+4 f(x)dx = 0, what is the correct value of k?

A. 6—%
5
B. 5—7”
C. 6—%
5
D. 5—%



10  The graph of y = where a > 1, has only one asymptote when

a+ bx + 4ax?’

A. -5<b<5
B. b<-4aorb >4a
C. -1<b<4

D. b < —-4aorb > 4a



Section 11

60 marks

Attempt Questions 11-14

Allow about 1 hour and 45 minutes for this section

Answer each question on a new page. Extra writing pages are available.

For questions in Section II, your responses should include relevant mathematical reasoning
and/or calculations.

Question 11 (15 marks) Start a new page

(a) Consider the graph of f(x) = (x + 1)>(x — 1) given below. 2

A

y
44

Y

Using the axes provided on the reverse of the Multiple Choice answer sheet, sketch
the graph of y> = f(x), showing all essential features.

(b) Use the substitution u = ¢** to find 3

w\ 2
/(eez) e* dx

Question 11 continues over the page

I



(c) Three forces fl), E’, and f; are represented by vectors 10i+20;,20{—-30; and —6i+20;
Newtons respectively.

(i) Draw a sketch showing the relative magnitude and direction of the three forces.
(i1) Determine the resultant force, expressed as a vector, and find its magnitude.
e o, . q . . . ﬁ ﬁ

(i11) An additional force F4 = kj is now applied so that the resultant of Fi, F>, and

}7)3 and }7)4 has magnitude 30N. What is the value of k?

(d) You are asked to provide an 8-letter password which may only be comprised of the
letters A, B and C.

(1) How many 8-letter passwords are there to choose from?
(1)) How many of the 8-letter passwords contain only B’s and C’s?

(iii) If you decide that your 8-letter password must use each of the letters A, B and
C at least once, how many possible passwords are there to choose from?

End of Question 11



Question 12 (15 marks) Start a new page

(a) The quartic polynomial P (x) = x* + px> + gx> + px + 1 has x = a as a double zero.

(i) Show that @~! is also a zero of P(x).
(i1) Find the fourth root in terms of «.

(iii) Hence show that p? = 4(g — 2).

(b) Suppose 3000 people are surveyed on political preference and asked the following
question:

“Would you vote for Party A in the next election, yes or no?”

If the actual probability of selecting someone in the affirmative is p = 0.55, find,
using the normal distribution, the probability that the sample proportion p is within
2% of the actual value p.

You may use the z-score table provided.
(c)

(1) Show that the differential equation

dy _ 2xy
de  x2-1

describes a family of parabolas with x-intercepts at (1,0) and (-1, 0).

(11)) Now consider the differential equation

dy 1-x*

dx  2xy

Find the equation of the curve which satisfies this differential equation and
passes through the point (1, 1). Express your answer as a function of x.

(i11) What can be said about the curve in part (ii) in relation to the family of curves
in part (1)?

End of Question 12



Question 13 (15 marks) Start a new page

(a) A student is given the chance to win 6% dollars on two rolls of an unbiased, six-sided
die, where X is the number of times a ’3’ is rolled.

(1) What is the most the student may win?

(ii)) How much is the student expected to win? Give your answer correct to two
decimal places.

(b) Solve for all x € R: sinx + cos2x —sin3x =0

(c) Consider the curve y = 3 cos™! (%C)

(i) Sketch the graph of the curve y = 3 cos™! (g)

(ii) The area bounded by the curve y = 3 cos™! (g), the y-axis and the lines y = 5

and y = 57” is rotated around the y-axis to form an hourglass. Find the volume
of the hourglass formed.

(d) Prove by mathematical induction for all positive integers n > 1 that

PPx24+22x22+3x 2+ +n°x2"=m?-2n+3)2" -6

End of Question 13
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Question 14 (15 marks) Start a new page

1
(a) Let f(x) = > (2x — 1 +2sinx). The graphs of y = f (x) and y = f~! (x) are shown
below.

(i) Find the points of intersection of the two curves.

(i) Find the shaded area enclosed by the two curves.

A

y=7f(x)

(b) Six points Py, P, P3, P4, Ps and Pg form the vertices of a regular hexagon H;. An
animated program is rotating these six points at a constant speed of 3 cm/s around the
perimeter of another regular hexagon, Hj, which has side length of 20 cm.

Initially, the six vertices of H; lie on top of the six vertices of H,. Determine the rate
of change of the area of H; ten seconds after the animation begins.

Question 14 continues over the page

—-11 -



(c) Triangle OAB is defined by two non-parallel and non-zero vectors O—A> =gand 3

ﬁ" = b. The angle between the vectors a and b is 6.

Express the area of triangle OAB in terms of dot products of a and b.

X
V1 —x2

You may assume that the range of

(d) Show that cos (tan‘1 ( ) +cos”! x) =0forallreal x, -1 < x < 1. 4

: is all real numbers.
1-x

End of Question 14

End of Examination.
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MATHEMATICS Extension 1 : Question.|.2...

()

Suggested Solutions

Marks
Awarded

Marker’s Comments
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MATHEMATICS Extension 1 : Question. .} 2
Suggested Solutions Marks Marker’s Comments
Awarded
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MATHEMATICS Extension 1 : Questlon\i—
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MATHEMATICS Extension 1 : Question. . 2..
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Desmos | Graphing Calculator
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MATHEMATICS Extension 1 : Question..|.3...

Suggested Solutions

Marks
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Marker’s Comments
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MATHEMATICS X1 : Question........

Suggested Solutions

Marks
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