CARINGBAH HIGH SCHOOL

2020 | HIGHER SCHOOL CERTIFICATE TRIAL EXAMINATION

Mathematics Extension 1

General
Instructions

* Reading time — 10 minutes

* Working time — 2 hours

* Write using blue or black pen

+ Calculators approved by NESA may be used

* A reference sheet is provided on separate paper

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

Total marks:
70

Section I — 10 marks (pages 2—4)

+ Attempt Questions 1-10

+ Allow about 15 minutes for this section

Section II — 60 marks (pages 5-10)
+ Attempt Questions 11-14

+ Allow about 1 hour and 45 minutes for this section
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Section |

10 marks
Attempt Questions 1 - 10
Allow about 15 minutes for this section

Use the multiple-choice answer sheet for Questions 1-10

1 Which of the following pairs of parametric equations represents a circle that passes through the
origin?

(A) x=3+3cos@, y=4+3sind
(B) x=3+4cosf,y=4+4sinb
(C) x=3+5c0s@, y=4+5sin6
(D) x=3+7cos@, y=4+7sind

2 A spherical balloon is being inflated at a constant rate of 200 cm®s™. At what rate is the radius
of the balloon increasing when the radius is 10 cm?

(A) 0.25cms?
(B) 0.5cmst
(C) 1.0cmst
(D) 2.0cmst

3 Inthe diagram, OABC is parallelogram. The vector 04 = a and 0C = c. M is the midpoint

of OA. Which of the following expressions is represented by the vector MB?
B

) Sa-c
|) Sa+c
© a-3c
0) a+2c
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4 What is the number of distinct solutions of the equation 3cos@+4sin@ =5 for 0<0<2x?

(A) 1
(B) 2
€ 3
(D) 4

X _420.

5 Solve the inequality

(A) —2<x<0or x=>2
(B) —2=x>00r x<2
(C) —-4<x<0orx=>4
(D) 4>=x>00r x<4

4
6 Which of the following vectors is perpendicular to the vector [ Zj?

™ [
® |,
Ol
o |

7 What is the value of disinl J1-x22?
X

(A) ———
Xv1—X
(B) ——
1-x
© ——=
1-x
(D) —~

[3]
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8 What is the value of k such that the function f(x)= , —1<x<1is a probability density

1+ x?
function?
T
A) k==
(A) 1
T
B) k==
(B) 5
© k=2
T
(D) k:ﬂ
T

9 A geometric series 1—£+i2—i3+... has limiting sum S.
X X X

For what values of x is S <17?

(A) x>-1

(B) x>-1, x=0
© x>0

(D) x>1

10 Three fair dice of different colours are rolled together. What is the probability that the product
of the three scores is a perfect square?

B
®
© —
®

[4]
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Section 11

60 marks
Attempt Questions 11 — 14
Allow about 1 hours 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 the Question 11 Writing Booklet.

(a) Differentiate tan~(log, X) 1
n
6
(b)  Find j sin x cos x dx 2
0
(c) ()  Find the unit vector in the direction of the vector (4i+3]). 1
(i) A particle is moving with velocity v = (151 +20j) ms™?.
. . .. § . . 2
Find the component of v in the direction of the vector (4i+3]).
(d) Use the substitution t = tang to find the solutions of the equation 3
cosXx—3sinx+3=0 for 0< x < 2x correct to 2 decimal places
(e) The discrete random variable X has a binomial distribution with n independent 3
trials with probability of success p. If its mean is 6 and its standard deviation is
2, find the values of n and p.
(f)  Use the mathematical induction to prove that 3*"** — 2°"is divisible by 5 for 3

integers n>1.
End of Question 11

[5]
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Question 12 (15 marks) Use the Question 12 Writing Booklet.

(@ (i) Sketch the graph of the function y = tanlé(x—Z) showing clearly 2
the intercepts on the axes and the equations of the asymptotes.
(i)  The graph of the function y = tan‘l%(x—Z) is transformed by a 2
translation left by 1 unit, then a horizontal dilation with a scale factor 2.
Find the equation of the transformed graph.
(b) (i) Records show that 64% of students at a school travelled to and from 2

school by bus. Samples of 100 students at the school are taken to
determine the proportion who travel to and from school by bus. Show
that the distribution of such sample proportions has mean 0.64 and
standard deviation 0.048.

(if)  Use the table (shown below) of P(Z < z), where Z has a standard 3

normal distribution, to estimate the probability that a sample of 100
students will contain at least 58 and at most 64 students who travel to
and from school by bus.

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

1.1 10.8643 | 0.8665 | 0.8686 | 0.8708 | 0.8729 | 0.8749 | 0.8770 | 0.8790 | 0.8810 | 0.8830

1.2 {0.8849 | 0.8869 | 0.8888 | 0.8907 | 0.8925 | 0.8944 | 0.8962 | 0.8980 | 0.8997 | 0.9015

1.3 10.9032 | 0.9049 | 0.9066 | 0.9082 | 0.9095 | 0.9115 | 0.9131 | 0.9147 | 0.9162 | 0.9177

(c) The polynomial equation 4x® —12x* +5x+6=0 has roots a, 8 and y. It is 3
known that one of the roots is the sum of the other two. Find a, § and y.

(d) By using the fact that (1+x)" =(1+x)’ (1+x)°. Show that 3

RHEH WEH HEH
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Question 13 (15 marks) Use the Question 13 Writing Booklet.

(@)

(b)

In the diagram above, the region bounded by the curve y =2* -2 and the x axis
between x=-1and x =2 is rotated through one revolution about the x axis.

Find in simplest exact form the volume of the solid formed.

A vertical tower of height h metres stands with its base at a point O on horizonal 4
ground. At the same instant, stone A is projected from O with speed V ms~1 at

an angle a above the horizontal and stone B is projected from the top of the

tower with speed U ms~1! at an angle 8 above the horizontal, where a > . The

two stones move in the same vertical plane under gravity, where the

acceleration due to gravity is g ms~2, and collide after T seconds. At time t

seconds after firing, the position vectors of the two stones are

r,(t) = (Vtcosa)i + (—% gt* +Vtsina)

r,(t) = (Utcosﬂ)1+(h—%gt2 +Utsin §) j . (DO NOT PROVE THIS)

hcosa

Showthat T =——F— .
U sin(a — )

Question 13 continues on page 8

[7]



HSC Mathematics Extension 1 CHS Trial 2020
Question 13 (continued)

_ 3
(© () Prove the trigonometric identity tan36 = >and—tan"0

using the 2
1-3tan®* @ J
compound angle formula.
(i) Hence find expressions for the exact values of the solutions to the 3
. 3x=x
equation =+/3.
q 1-3x° V3
V4 4 1
(i) Hence show that tangxtan—xtan?=—«/§. 2

End of Question 13

[8]
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Question 14 (15 marks) Use the Question 14 Writing Booklet.

(8 The cubic equation 2x* —x*+x—1=0 has roots «, § and y.
Show without finding each individual root that

() @ +p+r = 2

(i) a+p+y°=

o<} IEN
N

(b) (i) Using the substitution x = cos 26 , show 2

T 1—x 7 _
f dx=j 4 sin” 6 dO
0o A 1+tx 0

. o T 1—-x
(i) Hence evaluate in simplest exact form dx 2
0o A 1+x

Question 14 continues on page 10

[9]
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Question 14 (continued)

(c) The function f(x)=1+Inx is defined in the domain (0,1].

(i)  Show that di(xln x)=1+Inx 1
X
The diagram shows the graphs of the function y = f (x) and the inverse
function y = f *(x).
y
LA
t"// > x
-2 -1 1
14+
9
(i) Find in simplest exact form the area of the shaded region in the first 3

quadrant bounded by the curves y= f(x), y= f*(x) and the
coordinate axes.

(iif)  Sketch the graph of the curve y = % , showing clearly the coordinates 2

of the endpoints and the equations of any asymptotes.

. . : : 1
(iv)  Use interval notation to state the range of the function y=——- 1

f(x)

End of Examination

[10]
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Select the alternative A, B, C or D that best answers the question. Fill in the response oval

completely.

Sample: 2+4=

(A) 2

A O

(B) 6
B @

(C) 8 (D) 9
c O DO

= |f you think you have made a mistake, put a cross through the incorrect answer and fill in

the new answer.

A @

B @

c O DO

= 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. / correct
® L O O
A D
1 A O BO cO DO
2 AO BO cO DO
3. A O BO cO DO
4. A O BO cO DO
5. AO BO cO DO
6. A O BO cO DO
7. A O BO cO DO
8 AO BO cO DO
9 A O BO cO DO
0. AO BO cO DO

[11]
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